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Librascope’s 


COMBINED 






TECHNIQUES --— é MECHANICAL 







gives you faster, more efficient solutions 


« 


to computer-control problems 


» 








EXAMPLE: 


Librascope’s Sine Wave Generator was designed for a 
major oil company. It is used to determine transfer 
functions of components in automatic control systems, 
and to define the physical properties of existing plants 
to which control systems are to be added. We solved 
this problem in minimum time and at moderate cost. 
If your industry requires equipment for computing or 
controlling designed around your individual problem, 


Analog computing com- 
ponents. Sine-Cosine 
mechanism is one item 
of a complete line. 


t ELECTRONIC 


Electronic devices for 
analog-digital computer- 
controls. The dual flip- 
flop is a typical example. 


CAL 


Components for either 
analog or digital com- 
puters, typified by this 
Analog-Digital converter. 


GNM éeéTti¢ 


A complete line of mag- 
netic amplifiers, mag- 
netic decision elements 
and other magnetic com- 
puter components. 


investigate Librascope’s techniques. 


Engineers in search of interesting assignments, security, : | B RAS CO p i 
advancement —contact Dick Hastings, Personnel Director. 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 
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NGINEERING processes are undergoing a revo- 
lution, thanks to GEDA—the Goodyear Elec- 
tronic Differential Analyzer — a compact analog 
computer which greatly accelerates the design of 
complicated equipment and systems. 


A big advantage of GEDA is the fact that engi- 
neers do not have to learn specialized mathematics 
in order to use the computer. Once the block dia- 


gram is laid out, it is a simple matter to set it 
up on GEDA’s problem board. 


The results are shown graphically. Consequently, 
GEDA provides the engineer with a better under- 
standing of the system under study because the 
solutions are produced in a form already familiar 
to him. 


So now he is encouraged to “play his hunches.” A 


a 


GEDA-—T. M. Goodyear Aircraft Corporation, Akron 15, Ohio 


new idea can be tried out or a component of a 
system can be changed so easily that new 
approaches to a problem can at last be profitably 
explored. Even problems dealing with dynamic 
systems, where conventional solutions seem 
impossible or too time-consuming, can be solved 


by GEDA. 


The GEDA line of equipment includes hoth linear 
and nonlinear analyzers, six-channel console 
recorders, and curve -followers—offering flexibility 
and scope to meet specific individual requirements. 


WRITE FOR BROCHURE and details: Goodyear 
Aircraft Corporation, Dept. 931GU, Akron 15, 
Ohio — for over five years a major supplier of 
computing equipment, operator of one of the 
world’s largest computer application laboratories. 


GOODZYEAR AIRCRAFT 


xx The Team To Team With In Aeronautics rx 


We think you'll like THE GOODYEAR TELEVISION PLAYHOUSE—every other Sundoy—NBC TV Network 
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THIS IS COC, If your operation is spread 
out across several acres, miles, counties 
or even states, and you need control from 
a single point, you need “COC”—Cen- 
tralized Operations Control. 


If your operation is confined to just one 
plant or area, but with many points 
where careful control must be exercised, 


you need “COC” — Centralized Opera- 
tions Control. 


COC can open a valve or start a pump 
500 miles from the control point or it 
can indicate a liquid level in a tank in 
your plant yard. 


There are varying degrees of COC. 


Coming under this broad classification is 
the Hammarlund “Multi-Gate”® System 
which provides complete remote control 
and metering of such quantities as flow, 
temperature, pressure and voltages, as 
well as furnishing switching, warning 


alarms and various On-Off indications 
for pipelines, refineries, chemical plants, 
railroads, public utilities and many other 
industries. And these operations can be 
performed over radio, microwave, wire 
or carrier. 


Other Hammarlund remote-control sys- 
tems are used by airlines and commercial 
broadcast stations to control unattended 
transmitters located away from the tower 
or studio. 


Hammarlund “Fleet Control” and Selec- 
tive Calling Units control the movements 
of radio-equipped vehicles efficiently and 
dependably. 


Hammarlund “COC” is so broad that it 
can be adapted to handle practically any 
problem of remote supervisory control. 
For more information on COC write The 
Hammarlund Manufacturing Co., Inc., 
460 West 34th Street, New York 1, N. Y. 
Ask for Bulletin CC-1. 
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SHOPTALK 


Editor to Reader: 


has seen service before. When we started showing it 
around, several companies were so enthusiastic that 


We confess parental pride in the diagram on the 
front cover. It was conceived a couple of months ago 
while the editors were grabbing a hurried lunch in 
the McGraw-Hill dining room. Someone broached a 
philosophic question: “How would you represent the 
field of control engineering?” That afternoon we sat 
down and started to list the main and subsidiary parts 
of a control loop. 

The diagram we evolved—rather, the central por- 
tion of it—is the cover for this, our first issue. But it 
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they borrowed it. They have been using it to illustrate 
the scope of control to their customers and their own 
personnel. 

Something else about the diagram. Take a close 
look at the labels on the various parts. They represent 
the genesis of a new tongue: control engineering’s 
own universal language. That’s another story—one 
that we plan to cover in installments for years to 
come. As a starter, we've given it an editorial survey 
treatment in the Industry’s Pulse section, page 35. 





y a 
DIGITAL 
COMMUTATOR 


Codes: Binary, Binary-Grey, 
Binary-Decimal with 
non-ambiguous outputs 


STANDARD MODEL 
“so3”° 


Immediate Delivery from stock 
on standard models having 
following characteristics: 

* 1,000 counts decimal 

(300° to 360°) 
¢ 1024 counts—binary, 

grey (300° to 360°) 
* torque—0.5 oz. in 

ball bearings 
¢ inertia—400 gm. cm? 
* micrometer zero adjustment 
* automatic alignment—no gears 


CUSTOM COMMUTATORS 


Commutators can be furnished 
to fit specific applications by 
either modification of standard 
models or wholly new designs. 
Some variations now available are: 
* non-linear coding 
¢ high-count multi-turn units 
¢ ultra low torque models 
miniature size, geared units 
direct decimal coding i | 


| 
G.M. SIANNINI & CO.,INC. | 
LABORATORY APPARATUS DIVISION 
PASADENA 1, CALIFORNIA 


Offices: New York: Phone Judson 6-7500 
Los Angeles: Phone Ryan 1-7152 


| 
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Reader to Editor: 


Almost 2,000 leaders in the field of 
instrumentation and automatic control 
read the pilot issue of Conrrot EN- 
GINEERING, published in January 1954. 
Here are a few of the letters they wrote 
in response. 


Filling A Gap 
To rHEe Epvrror— 

Allow me to compliment you on 
having done an excellent job on pro- 
ducing a magazine that | feel fills a 
very definite need. We, here in the 
General Engineering Laboratory of the 
General Electric Co., do a great deal 
of control development work, and my 
specific interests are in the develop- 
ment of computing systems, and I 
think ConrroL ENGINEERING more 
nearly satishes our need than any 
single magazine we have scen to date. 

In the past we have had to review 
approximately ten magazines to gather 
the information we needed for our 


work .. . This control field has now 
grown so large that it certainly can 
justify a magazine devoted solely to it. 
I think you have been wise in fore- 
seeing this need. 


K. R. Geiser 
Eng. Sup., Computer Unit 
General Electric Co. 


To rHe Eprror— 

We want to compliment you on the 
excellent editorial concept presented 
in this issue. We are keenly aware 
of the benefits in efficient operation 
which are made possible by instru- 
mentation and automatic control Sys- 
tems. We want to be aware of 
progress and possibilities in this field. 

Robert H. Bungay 
Mgr. of Eng. and Constr. 
Union Oil Co. of Calif. 


‘To rHE Epiror— 

I have read this issue with interest 
and am happy to see a publication 
devoted to this rapidly growing 
lield ... 

I believe the scope of the subject 
matter typified by this issue will be 
well received by industry in general 
and helpful to prospective customers 





PROBLEM EXCHANGE 


[his magazine’s mission is to ex 
change information among control en 
gineers. In future issues, this FEED 


BACK section will publish control 
problems submitted by readers. Each 
problem will be reprinted a couple of 
issues later and accompanied by solu 
tions sent in by other readers. Au- 
thors of the best problems and an 
swers will win modest cash rewards 

If you want to become a compo 
nent in the feedback loop, we sug- 
gest you follow this procedure. State 
your problem briefly. Describe tech- 
nical details with concise sketches and 
block diagrams. Explain any economic 


factors involved. 





in particular, as it will accelerate the 

exchange of information by virtue of 

attracting more and more papers cur- 

rently scattered in numerous other 
publications. 

J. H. Dyer 

Chief Engineer 

Land-Air, Inc. 


lo tHE Eprror— 

I have shared the sample issue with 
many of my colleagues, and they too 
agree this venture is capable of filling 
a gap in scientific literature. 

Control engineering is a broad field 
and the problems of preparing a jour- 
nal with a wide-band appeal, and yet 
with high gain in each region, must 
be severe. I hope you will never 
sacrifice rigor for popular appeal. 

The complexity of engineering 
today frequently necessitates a “devel- 
opment engineering team” to attack a 
problem. One member of this team— 
frequently a_ physicist—studies the 
problem from a theoretical viewpoint. 
Another, perhaps, from a view of the 
electronics phase. Another, from the 
mechanical view. And so on. Each 
of us then has a separate interest in a 
problem. 

If ConTROL ENGINEERING, however, 
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MAGNETIC AMPLIFIERS - INC 


AFFILIATE OF 
632 TINTON AVENUE, NEW YO 


GENERAL 


CERAMICS 


RK 55, N. Y. «© CYpress 2-6610 





€ MAGNETIC AMPLIFIERS a 


BMP, 


© Push-pull Magnetic Amplifiers 

e Adjustable Magnetic Servo 
Amplifiers 

© Servo Systems with Magnetic 
Amplifiers 

© Miniature Magnetic Amplifiers 

e M.A. Relays 

© Saturable Transformers 

© Demodulators 

e Transi-mag* — Transistor 








Magnetic Amplifier 


aa 


*Trade Mark 


4 Y%, to 3 HP PACKAGED VARIABLE ) 


om SPEED DRIVES by, 


» > 


e Fully Automatic 
Stepless Speed Control 
© Close Speed Regulation 
e Rugged, Reliable 
Features Available: Start, Stop, Reverse, Jog, 
Pre-Set Speed, Dynamic Brake. 
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( Educational SERVO 
DEMONSTRATOR by 3*A 


© Completely 
Self Contained 
e Powered from 115 V 60 CPS 
For: Laboratory Experimentation, Lecture Demonstration, 
Industrial Training of Development Engineers, Field Service 








L Personnel, Sales Engineers. 


é DIESEL OR MOTOR — GENERATOR 


OR ALTERNATOR REGULATORS by 


@ 30 KVA 400 CPS 3 Phase 4 Wire 
115/200 VOLTS .75 PF Packaged Supply 


or : 
© Design for Specific 
Machines 

Features: 
High Accuracy, Fast 
Reliability, No Tubes, 4 
Meets Applicable b wy 
Government Specifications. 


Response, Ruggedness, 














a. 
f: REGULATED STATIC 


POWER SUPPLIES hy, 


e DC and AC 
Output 
e High Current 
Carrying 
Capacity 
e No moving 
Parts 
@ Reliable 
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TRANSISTOR CURVE TRACER 


e Displays Output or 
Transfer Curve in 
Grounded Base or 
a y Grounded Emitter 
~ © Dynamically Displays 
nin Family of Curves Sim- 
taneously on Oscilloscope 


e Internally Generated Cali- 
bration Axes Displayed at all 
Times in any One of Four 
Quadrants 


e Measures PNP or NPN 
Junction Transistors and P 
or N Type Point Contact 


Raewnnge 
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RESEARCH, DEVELOPMENT, DESIGN, MANUFACTURE 
OF SERVOMECHANISMS, MAGNETIC DEVICES, and INDUSTRIAL CONTROLS 
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we like people... 


...we know that “to err is human”. In this dynamic day of automation, 
there is no room for error. Potter instruments provide low-cost, high-speed, exact 
process control without the human “error factor”. And everybody benefits. 


There is a Potter instrument for controlling your industrial process. Our 
engineers will show you how to apply counting techniques to automatize any 
multiple-sequence machine operation involving control of such 

phenomena as weight, length, time, quantity, and rpm. 


THE DUAL PREDETERMINED ELECTRONIC 
COUNTER (Model 244) illustrated here 
recycles automaticaliy and instantaneously. 
Rugged electrical and mechanical design 
assure unattended operation over long per- 
iods uf time with minimum maintenance. 


Write today for further information. See how you can save time 
and money and improve production at the same time. 


POTTER INSTRUMENT CO., INC.,115 Cutter Mill Road, Great Neck, N.Y. | 


FEEDBACK 





can be edited to interest each of us in 

our specialty and still broaden our 

views in neighboring specialties, the 

magazine will be of vital service to 
engineering and science. 

Donald J. Lovell 

Consulting Physicist 

Pasadena, Maryland 


Just what we intend to do, Mr. Lovell. 
—Ed. 


Handier Layout? 
To tHE Eprror— 

The wide variety of articles were 
interesting and enjoyable. 

I must take exception only to the 
layout . . . Surely with the variety of 
short articles, book reviews, advertise- 
ments, meetings, abstracts, etc. that 
make up a magazine such as yours, the 
main technical articles could be so 
arranged that they start on the right 
hand page and end on the left... . 
Correcting this situation would make 
your magazine near perfect. 

John F. Flanagan 
Instrument Engineer 
United States Rubber Co. 


Unquestionably, Mr. Flanagan’s idea 
would make CONTROL ENGINEER- 
ING handier for clipping and filing. In 
fact, the Ideas at Work section in this 
issue embodies his suggestion. But ought a 
magazine force each major article into an 
even number of pages—a literary Procrus- 
tean bed? Or do readers want advertise- 
ments used to fill out main features that 
occupy odd number of pages? For the 
present, our practice is to exclude adver- 
tising from the main feature section and to 
give each article as much room as we feel 
it deserves. But we aren’t mulish. We 
should like to sound out other readers on 
this matter of arranging articles for easier 
filing.—Ed. 


Specific Requests 
To THE Epiror— 

I was particularly interested in the 
articles on analog computers and 
hydraulic servos . . . My particular 
interest in a publication such as Con- 
TROL ENGINEERING would be in 
summary-technical articles such as 
these and in servo-control system and 
circuit design details and performance 
details of servo components such as 
actuators, gyros, accelerometers, and 
fluid flow transducers, etc. 

R. D. Hill, Jr. 
Chief Electronic Engineer 
Missile Engineering Div. 
McDonnell Aircraft Corp. 


This issue contains two summary-tech- 
nical articles that ought to be right up 
Mr. Hill’s alley: designing hydraulic servos, 
and choosing ac stabilizing networks. As 
for those specific requests, give us time 
and we'll get around to all of them.—Ed. 
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DENISON 
HYDRAULIC 
EQUIPMENT 


e feeds tools 

e powers transfer machines 
e drives conveyors 

e controls clamping 


RS up to 180 hp... VANE PUMP/MOTORS F 


more dependably 





at lower cost 


UILD more dependability into 

automatic machinery. Decide on 
Denison hydraulic equipment for all 
power needs up to 5000 psi. 

You can rely on Denison’s complete 
line of pumps, fluid motors and con- 
trols for powering any rotary or linear 
motion . . . pushing, pulling, lifting, 
clamping, upending, turning. 

But that’s not all. 

Your Denison Field Engineer is 
a hydraulic specialist. He'll gladly 
help you develop hydraulic circuits, 
save space, Cut equipment costs. Write 
to: THE DENISON ENGINEER- 
ING COMPANY, 1170 Dublin Rd., 
Columbus 16, Ohio. 





>= 
GET HYDRAULIC | 
POWER FACTS .2™ 


Send for Bulletin 146B Lo 





mi 
giving data on com- . Se 
plete Denison line. is 
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What's New... 





Housed in baronial elegance of Princeton showplace, this $300,000 computer welcomed all comers—at a price 


Computers Catch the Public Eye 


Electronic Associates Puts One to Work in a Princeton 


Mansion, 


While Burroughs 


Builds Another Under 


Scrutiny of Sidewalk Superintendents 


From beauty parlor to fieldstone 
mansion—this sums up the nine-year 
history of Electronics Associates Inc. 

The beauty parlor in Long Branch, 
N. J., was good for a start. It was 
vacant. It was big enough for the 
original nine associates to begin com- 
puter development. And the wiring 
was adequate. The mansion, insulated 
by 35 rolling acres near Princeton, 
befits the company’s latest and most 
ambitious move. 

In this impressive building (see 
cut), EA has installed $300,000 worth 
of its own brand of computing equip- 
ment. Here, for the first time, any 
man ct company can hire a large and 
precise analog computer to solve 
problems, without lining up behind 
government-contract priorities. 

Charge is $90 per hour of computer 
time. From its own ranks or from 
among its consultants, EA can call on 
technical and scientific specialists to 
help formulate problems and feed 
them into the computer. Their serv- 
ices .cost extra. 

The Princeton mansion is both ele- 
gant and functional. At one end are 
five roomy and quiet offices where 
human experts can reduce problems 
to computable forms. The computer 
itself stands in a beautifully paneled 
40-by-60-ft. room under a lofty gabled 
roof. Its dual console enables it to 
work on two problems simultaneously. 
For more complex tasks, it can con- 
centrate its full powers. 

The parts inventory includes 96 


operational amplifiers—40 of which 
can serve as summer-integrators—fif- 
teen servo multipliers, four servo 
resolvers, five servo function genera- 
tors, a two-channel X-Y recorder, and 
a six-channel curvilinear recorder. 
Accuracy is unsurpassed for analog 
computers: 0.1 per cent of linear 
problems. 

At the opening of the center, EA 
president Lloyd F. Christianson ex- 


plained why it was set up: “One of 
the purposes . . . is to educate business 
and industry on the capability of ana- 
log computers to solve economically 
many of their problems with an 
enormous saving of time. The com- 
putation center offers a much broader 
service than just providing analog 
computer equipment. . . . It is also 
interested in management operations 
control, dynamic systems analysis, 
and applications engineering.” 

In short, EA intends to spur de- 
mand for its analog computers. And it 
is set to handle all the business it can 
get. Starting in 1945 with a handful 
of youngsters, $7,800, and a Navy 
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Computer Kibitzers: The first big computer ever built in public bewilders 
Philadelphia window shoppers. Completed last month in the display window fronting 
the Burroughs Corp.’s Vine Street headquarters, the computer has been named the 
UDEC II. It will provide the only major computer rental service in the area. 
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WHAT’S NEW 





contract, it has now reached a posi- 
tion of leadership in the analog field. 
Today its eleven-building plant in 
Long Branch keeps 320 people busy. 
Gross sales for 1954 will be in the $4- 
million bracket, with profits after 
taxes around $400,000. 


Controls at The Helm 
In Atomic Energy Strike 


Controls were the heroes during the 
recent atomic energy strike at Paducah 
and Oak Ridge. When operating and 
maintenance workers walked out for 
three days, a handful of supervisory 
workers kept up full-scale production 
of fissionable uranium-235. 

Atomic Energy Commission off- 
cials in Washington testified that only 
because of centralized and remote con- 
trols were these few men able to run 
the multi-million-dollar uranium en- 
richment plants. 

A presidential board of inquiry re- 
ported that union leadership and Car- 
bide and Carbon Chemicals Corp., 
which operates the two plants, agreed 
that U-235 production had not lagged 
during the strike. If the strike had 
been prolonged, however, lack of main- 
tenance would have reduced output. 


Around The 
Business Loop 


P Expansion of Robertshaw-Fulton 
Controls Co. has now stretched into 
Canada. In a modern 30,000-sq-ft 
one-story Toronto building, a new sub- 
sidiary, Robertshaw-Fulton Controls 
(Canada), Ltd., will manufacture and 
assemble thermostatic controls. The 
output is destined for Canadian cus- 
tomers in the kitchen range, water 
heater, and space heater fields. 

In the U. S., production has started 
in the company’s new Indiana, Pa., 
plant. A $500,000 addition to the 
Anaheim, Calif., plant is nearly 
finished. And a new $2.5 million fac- 
tory at Long Beach, Calif., is under 
construction. 
> Electronic Engineering Co. of Cali- 
fornia has begun work on a new $1.5 
million Air Force contract. The com- 
pany will set up a centralized data 
processing system for the Flight Test 
Center at Edwards Air Force Base. 
The aim is to save time and money 
in evaluating the results of test flights. 
> Automatic Control Co. of St. Paul, 
Minn., recently installed a pressure 
operated system to control auto- 
matically the Huntington Beach, 
Calif., sewage disposal plant. Asked 
about the sensitivity of the new in- 
stallation, one of the company’s engi- 
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You have in your hands the first issue of a new magazine—CONTROL 
ENGINEERING. The idea for this kind of magazine first originated in 
our organization as long ago as 1944. The need for a specialized 
publication of this character did not seem clear at the time but we 
never forgot it. From time to time we reexamined both the idea 
and the technical developments which created an increasing need 
for a magazine devoted specifically to the design and application 


of instrumentation and control systems. 
Last year, feeling that the time was close at hand when we could 


launch a magazine in this field with reasonable expectation of suc- 


cess, we intensified our studies of the kind and quantity of subject 


matter which would be available and of the needs of the potential 
audience which could put it to good use. We published a pilot issue 


and checked our ideas and our techniques of presentation with 
prospective readers. This issue of Conrrot ENGINEERING is, there- 
fore, the result of mature thought, careful research and long-term 


planning. 


I want to assure the 15,000 men in industry who have given 
evidence of their faith in McGraw-Hill by subscribing—sight unseen 
—to this new magazine that we are backing ConrROL ENGINEERING 
with the manpower and the resources which will assure them of 


outstanding value for their subscription dollars. I believe you will 
find each issue more interesting and more helpful than the last. 


neers replied: “If a man spits into 
one of the basins, it’s enough of a 
change for the system relays to sense 
and send control signals to the pump- 
ing equipment.” 


Lucre and Love 
At Illinois Tech 


After riding an up elevator for more 
than ten years, starting salaries for en- 
gineering graduates may be leveling 
off. 

One indication comes from the Il- 
linois Institute of Technology. Place- 
ment director Earl C. Kubicek reports 
that the average Illinois Tech graduate, 
class of June 1954, was hired for $363 
per month. This was just $1 more 
than the average 1953 Tech graduate 
got. 

Looking back over his records, 
Kubicek recalls that ten years ago 
starting pay averaged only $193. Five 
years ago it was $282. 

Still in the surveying mood, Kubicek 
finds that his alumni are astoundingly 
lucky in love. He sent questionnaires 
to 2,980 members of fifth-year classes, 
and more than half have replied. 
Analysis shows that 90 per cent of 
the classes of 1939, 1944, and 1949 


are married. Not one is divorced. 
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“This is significant,” Kubicek points 
out, “in view of the “fact that one 
of every four marriages in the United 
States ends in divorce.” 

Why do Illinois Tech graduates, 
90 per cent of them engineers, marry 
so successfully? Kubicek harks back 
to his first theme: “Engineering sal- 
aries have been increasing steadily for 
more than fifteen years. Because they 
are better off financially, there may be 
less friction in their marriages over 





KARL T. COMPTON 


While pntting together this first issue of 
ConTrot ENGINEERING, we were shocked 
and saddened to learn of the death of one 
of the “team,” Dr. Carl T. Compton. 

As « director of McGraw-Hill, Dr. 
Compton enthusiastically supported our 
Controt Encineerinc project. In his in- 
telligent, constructive way he made invalu- 
able suggestions—always in the form of a 
quiet question or friendly hint. 

He saw immediately ahead the great 
benefits to be derived from the broader 
use of the control engineering art, devel- 
oped in war time. His vision and his calm 
confidence will be missed. But the memory 
of the man will enforce a high standard 
for all of us on Controt ENGINneeRING. 





PROGRESS REPORT... 


SINCE OUR ANNOUNCEMENT IN FEBRUARY 1953 OF THE FIRST SUCCESSFUL 
TRANSISTOR-MAGNETIC SERVO AMPLIFIER, WE HAVE DEVELOPED A LINE OF 
STANDARD, AND MINIATURIZED CONTROLLERS. These .. . 


Servo I 


MODEL 456-B 


One premium tube, conserv- 
atively used, approaches 
in reliability the mag out- 
put stage. Power gain, 
6X10", Zero stable to 71° 
C! Developed for potenti- 
ometer follow-up, but 
works equai'y well with 
synchro data. For MK? 
Mod O motor. 


onetics 


wadyg— now ar saudard 


components for your sewo looked. 


MODEL 420-B 


Transistor-magnetic circuit- 
ty driving the MK 14 Mod 
© motor. Small size, light 
weight, and simple to use. 
Designed initially for re- 
liable operation in a 
miniaturized airborne com- 
puting loop. 


MODEL 465-B 


All mag circuit for MK7 
Mod O motor. Full output 
with 1 ampere turn of 
control. Supplied with con- 
trol windings for any cur- 
rent sensitivity. Quick 
disconnect fasteners and 
sealed octal header. 


May we put our engineering staff and pro- 
duction group to work with you on your 


automatic control problems? 
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Their versatility and reliability is such that they can be used 
as standard components, like a servo motor or autosyn. No 
damping tachometers or power supplies are required. There 
are only six connections: 2 for input, two for output, 2 for 


117 V. 400 cps. Precise regulation of line voltage and fre- 


quency is not necessary. Often the nameplate carries full 
applications data, and system connections. 


THESE AMPLIFIERS HAVE RADICALLY NEW 
CHARACTERISTICS... 


@ ZERO STABLE WITH LINE VOLTAGE, 
TEMPERATURE AND FREQUENCY. 


@ POWER SUPPLY—400 CPS LINE ONLY. 
@ BUILT IN SERVO LOOP STABILIZATION. 
@ HERMETICALLY SEALED AND POTTED. 
@ MINIATURIZED AND LIGHT WEIGHT. 


Bypass costly development time and de- 
livery delay in your systems work with 
these time-tested amplifiers. Whether 
standard or special, meticulous production 
techniques insure complete reliability. De- 
livery on special prototypes is prompt, 
because of our backlog of engineering 
designs. These amplifiers are backed by 
a@ continuing research and development 
program. 





SERVO AMPLIFIER 


TyPe 4208 SER Je 
ha ERROR 


LINE VOLTAGE 117 V 400 : SIGNAL 

OPERATING AMBIENT 55 C MAX 200. 
sw 

TORAGE AMBIENT 75 C MAX 

FOR BUORO MK14 MOD O MOTOR 








GAIN SET 
RESISTOR 








oO mki4 mod 0 


INDUSTRIAL CONTROL. COMPANY 
WYANDANCH L.I..N_Y. 
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money problems, one of the major 
factors in divorce.” 

Few engineers may roam the multi- 
carat circles, but as long as they are 
in the chips, the girls remember what 
are whose best friend. 
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Aiken: The field is unfolding 


Harvard to Award First 
Data Processing Degree 


A year from now a handful of Har- 
vard graduates will be roaming the 
business world freshly and _ specially 
trained in data processing. 

The University has just announced 
that this fall it will enroll candidates 
for a degree never before awarded: 
Master of Science in Data Processing. 
Each candidate must take eight half- 
year Courses—normally a full academic 
year’s work. He will be under the 


MASTER HANDLES 


and used in conjunction with a three- 
dimensional television system enable scien- 
tists to perform complex manipulations 
at separation distances up to several 
hundred feet. Previous mechanically 
linked units were limited to about twelve 


SEPTEMBER 1954 


joint jurisdiction of the Division of 
Applied Science and the Economics 
Department, who are collaborating 
with the Graduate School of Busi- 
ness Administration. 

Harvard expects the men who com- 
plete this course will become leaders 
in automatic offices, automatic cus- 
tomer billing, automatic inventories, 
and automatic control of factory op- 
erations. Says Prof. Howard H. Aiken, 
computation laboratory director: ““The 
data processing field is only now un- 
folding. Great progress can be ex- 
pected in the next five years.” 


Control Overseas: 
Italy 





On Sept. 24 and 25 at Stresa, the 
International Mechanical Engineering 
Congress will hold a conference on 
automatically controlled measuring 
during machining. The meeting fol- 
low ten-day Fourth European Machine 
Tool Exhibition. More than 750 ex- 
hibitors from at least a dozen nations 
will display products in Milan. 

At Vojens, Gram Bros., Ltd., has 
a new automatic machine that makes 
chocolate-coated ice cream pops at a 
rate of 14,000 per hour. 

Operators feed the machine ice 
cream, sticks, chocolate, and wrappers. 
All the rest is automatic. The revolv- 
ing freezing table has 160 radial rows, 
each containing seven molds. Hy- 
draulic pressure rotates the table 
1/160th of a circle at a step. Feed 
tank pistons plop a predetermined dol- 
lop of ice cream into each mold as 


it comes along. After moving 

steps around, the now partially frozen 
ice cream get a stick handle. Further 
freezing hardens the cream so that a 
remover arm can grasp the stick, pull 
the pop from the mold, and dip it 


Ice cream pops get their sticks 


into a pot of liquid chocolate. At the 
final step, the arms slip the finished 
pops into wrapper bags, which are 
held open by an air blower. 

Earlicr models have been used in 


the U.S.A. by the Borden Milk Co. 


Russia 


“Izvestia” reports that a_ recently 
opened automatic line at the J. V. 
Stalin Combine Plant can make 180 
meters per hour of link chain from 
steel strips. The official government 
newspaper is shy on details. But the 


. . . electrically connected to . . . SLAVE HANDS 


feet. Developed by the Argonne National 
Laboratory, this new manipulator will re- 
produce the seven basic motions that are 
used in grasping, lifting, moving, and 
turning objects. It features specially de- 
signed servomechanisms that reflect the 


work loads and resistances back to the 
operator. Present load capacity is four 
pounds. But, Argonne engineers expect 
that future designs will handle several 
hundred pounds with a maximum opera- 
tor force of twenty pounds. 
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FOR BETTER 


SPEED CONTROL 


MODERN 


ELECTRONIC 
ENGINEERING 


GIVES 
PRECISE 


FINGERTIP 


SPEED CONTROL 


TACHOMETER 
PROPORTIONING 


TENSION OR 
POSITION CONTROL 


MOTOR INTEGRATORS 
BI-DIRECTIONAL 
DYNAMIC BRAKING 
SERVO CONTROL 
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4 Godwin Ave. 


Paterson, N. J. 


WHAT’S NEW 





automatic features are said to have 
freed for other work 100 workers, 
1,500 square meters of production 
space, and “dozens of machines.” 
The USSR Ministry of Machine 
Building plans to set up twelve other 
automatic lines in various farm ma- 
chinery plants this year. Among them 
will be: 
> Lines for manufacturing and assem- 
bling straw conveyors and the cutting 
parts of combines and mowers at Ros 
tov. 
PA special facility at Osipenko for 
turning out 1.3 million tractor rake 
teeth annually. 
> Lines for making tractor plowshares 
and plow moldboards at Altai. 
Having covered automatic produc- 
tion of plowshares pretty comprehen- 
sively, “Izvestia” remains mum on au- 
tomatic manufacture of weapons. 


Sweden 


Svenska Metallverken shipped a $1 
million fully automatic wire rolling 
mill to the Anaconda Wire and Cable 
Co. in U.S.A. Two other Swedish 
firms collaborated: Asea supplied all 
the electrical machinery; and SKF de- 
livered the roller bearings. 

The dismantled mill, weighing 275 
metric tons, was crated in fifteen 
wooden boxes and loaded on fifteen 
railroad cars for the trip from Vaes- 
teras to Stockholm, where it was trans- 
ferred to a freighter. 

Dr. Cronje Baeck, chief of Metall 
verken’s machine shops, is now in 
America helping to set it up. It should 
be running by the end of the year. 





So Round, So Firm, 
So Automatically Controlled 


Using a combination of nuclear, 
electronic, and mechanical principles, 
the American Machine & Foundry 
Co. has designed a control system for 
cigarette manufacturing machinery 
that will produce perfectly weighted 
cigarettes. This is something mechani 
cal control alone has never been able 
to assure. Since this system produces 
cigarettes of closer weight tolerances, 
AMF claims that the result of field 
tests have shown not only improved 
cigarette quality but also a saving of 
approximately one and one half tons 
of shredded tobacco per machine pet 
year. 

The Microfeed control system does 
two things: it measures tobacco density 
and adjusts the feed to maintain con- 
stant density (regulator circuit), and 
it weighs each cigarette, rejecting those 
that are over or under an allowable 
weight band (rejector circuit). 

The sensing element for the regula- 
tor circuit is a nuclear device activated 
by twin sources of radioactive material. 
Ihe beta particles from one source 
pass through the tobacco rod, while 
those from the other source pass 
through a plastic standard absorber. 
The number of particles that is not 
absorbed by the rod and the plastic 
and that reaches the respective 10n1za- 
tion chambers is inversely proportional 
to the density of the tobacco and the 
standard absorber. ‘The voltages gen- 
erated in the two ionization chambers 
are bucked against one another, and 
the difference is used to adjust a vari- 


Nuclear-electronic-magnetic controls insure an even draw every time 


CONTROL ENGINEERING 





Miniature Stepping 
Switch 
by Automatic Electric 


art 


INCOMING OR 
“STEPPING” MMCOIL 


PULSE-LEAD 
bi a 


RELEASE 
OR “KOMING” 


PULSE-LEAD INT. 
es SPRINGS 














OFF-NORMAL 
SPRINGS 


How separate “homing”’ circuit is provided 
with one-coil operation 


Interrupter contact springs open coil circuit 
near the end of each armature operation— 
causing switch to step by self-interruption, or 
by “door buzzer” action. 

“Off-normal” contact springs close “homing” 
circuit on first step of wipers off home position 
and remain closed until home position is again 
reached. Thus, after the first step, a “homing” 
circuit is prepared, and the switch may be 
“homed” by simply energizing this circuit. 


Write for helpful circular CE1638-D 
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*' Switch shown actual 


indirect 
drive design 


For faster stepping 
and longer life 


\1c# 
sow gtrhY® 
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one-coil design (© 
gwite™ 


Cuts costs; separate 
x5 


ss circuit for ‘‘homing’”’ 
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How to make a good product 


better...without increasing costs 


Design engineers everywhere are choosing Automatic Electric's 
Type 44 Miniature Stepping Switch to insure long service life— 
often reducing costs as they do so! In countless applications, this 
sturdy switch has operated for more than 200 million operations, 
with little or no adjustment. The one-coil design eliminates a 
separate release coil—a saving passed on to the user 

And there are other reasons for such widespread approval: weight 
and space are saved; indirect drive design give smooth stepping and 
because there’s no wiper “double loading” there's no “galloping”; the 
unique driving mechanism permits extremely high operating speeds. 

Investigate Automatic Electric's Type 44 Switch for.your control 
applications. Here's the first compact, lightweight switch to provide 
10-, 20- or 30-point operations. Designed for any dc voltage up to 
110, or, with an associated rectifier, for 115 volts 60 cycle ac. The 
Type 45 Stepping Switch is adaptable to 25-point operation (plus 
home) using wiper levels singly, or to 50-point operation using 
wiper levels in “staggered” pairs. For more details on Automatic 
Electric stepping switches, write for helpful engineering specifica- 
tions to: Automatic Electric Sales Corporation, 1033 West Van 
Buren Street, Chicago 7, Illinois. In Canada: Automatic Electric 
Sales (Canada) Ltd., Toranto. Offices in principal cities. 
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Does your servo system 
end up like this? 











Of course, you’ve never bought an automobile in pieces, 
picking up a bumper here, a carburetor there, a clutch some- 
where else. Even if you could arrive at the appearance and 
performance of a finished car, chances are it would require 
countless hours of work and a factory-full of fabricating 
equipment to integrate the odd sized parts. 


Surprising, then, how many companies build servo systems 
just this way. Buying parts from different manufacturers 
. putting them together and hoping for an ideal system. 
Either the final result is far below potential efficiency, or the 
time, labor, machinery, and materials wasted in trying to 
“*fit’’ the components together boosts the cost astronomically. 


Experience proves that complete assemblies of Transicoil 
components not only assure improved system performance 
but actually cost less than the total purchase price of the 
individual components acquired from several sources. 

If you are now purchasing servo components from several 
manufacturers, a serious talk with Transicoil will pay you 
dividends in lower costs and a better system. But if you 
require only one component, you can be sure of optimum 
performance from the Transicoil units you specify. 
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able speed transmission that drives 
the tobacco feed. ‘The rate of feed is 
proportionally corrected to the signal. 
Absorber density can be varied to per- 
mit adjustment of the standard for 
proper tobacco rod density. 

The sensing element for the rejector 
circuit consists of a dielectric bridge 
with a cigarette-length of rod as one 
arm. The signal from the bridge is a 
polarized voltage representing the lim- 
its of weight deviation considered 
acceptable by the manufacturer. If 
the signal voltage exceeds these limits, 
the unacceptable cigarette is rejected 
when it reaches the catcher, about 14 
seconds later. This delay is achieved 
by an electromechanical memory de- 
vice that is synchronized to the speed 
of the cigarette rod. 


——— 
| MODERN 
| MARKET 


Ju 8 107 


$ 000.636 A 
$ 000.236r A 
$ 000.226 A 
$ 000.176r A 
$ 000.186r A 
: cotiea PRICE OF EACH ITEM 
$ 002.03ut A 
$ 000.U3utA 
$ 000.35PrA 
$ 000.20PrA 
$ 000.33PrA 


$$ 004.12RA | -— TOTAL 
$ 000.06%A | ~— TAX 


$$ 00.18% A | -— TOTAL PLUS TAX 

| $ 010.00AtA | ~—- AMOUNT GIVEN 

| SALESPERSON 

*$ 005.820GhA | —— YOUR CHANGE 


YOUR RECEIPT 
THANK YOU 











Supermarket Computer 
Calculates Correct Change 


No longer does the supermarket 
clerk have to depend on mental or 
pencil-and-paper arithmetic to deter- 
mine the amount of change due a 
customer. This job is done for him 
now by a new cash register recently 
introduced by the National Cash 
Register Co. 

This “computer” not only gives the 
customer a printed record of the in- 
dividual item cost and total order cost, 
but also lists the denomination of 
the check or bill given in payment and 
the change the customer should get. 
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CLOSE THE LOOP... 


from MECHANIZATION to CONTROL 


PANELLIT has designed and built Automatic Control and 


Information Systems for the complete control of processes 





since 1943. Whether you are in a fabricating or a 


processing industry, Panellit alone offers: 


®@ Basic System Design and Engineering 
®@ Impartial selection of instruments and components 
@ Assembly and Fabrication of complete systems 
@ Panalarm—Integrated Alarms for Safety 
Panascan—Scanning, Data-Processing and Data-Reduction systems 


Instaliation, field check-out, inspection 


PANELLIT, Inc. 


7461 North Hamlin Avenue 
Skokie, Ilinois 


PANALARM 


Alarm and Safety Division 


CWVSIES 


Scanning and Data-Reduction Division 
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*Meriam Instrument 
Technical Man 





This temperature-altitude-humidity -test chamber, 


manufactured by Bowser Technical Refrigeration Co 


Terryville 


Connecticut, was made for a leading avia- 


tion producer. The Meriam Manometer indicates criti- 


cal pressure changes accurately, and instantaneously 
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MERIAM 


MANOMETER ACCURACY 


to indicate climb 
of 10,000’ per minute 


Meriam Manometers, Model A-538, illustrated, are 
used by Bowser Technical Refrigeration of Terry- 
ville, Conn. on temperature-altitude-humidity test 
chambers to give their customers ‘instrumentation 
of as high degree of accuracy as possible.” 


The test chamber illustrated allows testing of pro- 
ducts in a range from —100° F. to +200° F., from 
sea level to 80,000 ft. at a climb rate of 10,000 ft. 
per minute...and these conditions are contained in 
a free working space of 3’ wide x 3’ high x4’ deep. 


If your instrumentation problems involve critical 
indication of pressures which are a function of some 
desired measurement, call on your MIT* Man to 
help you solve them. Meriam Instruments are 
primary standards for indicating pressure or flow 
of liquids and gases. 


THE MERIAM INSTRUMENT CO. . 10934 MADISON AVE. + CLEVELAND 2, OHIO 


Western Division: 4760 E. Olympic Boulevard, Los Angeles 22, Calif. 


In Canada: Peacock Bros., Ltd., Montreal 


ME RIAM * 
* Suskuments | 


ESTABLISHED 1911 





MANOMETERS, ET dee 
OF PRESSURES, VACUUMS AND FLOWS OF LIQUIDS AND GASES 
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Such items as bottles returned for 
refund or coupons offered for credit 
are rung up on the register which 
automatically lists and subtracts these 
amounts from the total of the cus- 
tomer’s purchase. If the payment 
offered by the customer is too small, 
the machine indicates how much 
money the customer owes instead of 
the change that is due. For visual 
checking, all figures are displayed on 
the register as they are listed. All 
this machine needs is a sign that pops 
up and says Tilt when somebody tries 
to pass a counterfeit bill. 


What's in the gray box? 


Decker Aviation Hints 
New Measuring Principle 


Security classification is scribbling 
another paragraph in the rumor book. 
The talk this time is about a brand 
new principle of measurement de- 
veloped at the Decker Aviation Corp., 
Philadelphia. 

When incorporated in an analog 
transducer, a single device of this new 
breed is supposed to replace an im- 
pedance bridge, a phase sensitive recti- 
fier, and a voltage amplifier. It can, 
it is said, measure any phenomenon 
reducible to changes of capacitance, 
resistance, or inductance. 

One of the first applications is the 
differential pressure gage, shown in 
the picture. Measuring only 4-by-4- 
by-8 inches, it is so sensitive that a 
pressure difference of merely one milli- 
meter of water produces a 5-volt signal 
output. 

Declassification is expected to end 
the mystery some time in September. 


Technical Society Notes: 


IRD, ASME 

A quickening of activity in the 
Instruments and Regulators Division 
of ASME is evident ia the inaugura- 
tion of an “IRD Newsletter.” First is- 
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Grinding Main Journals on a Crankshaft is done 
quickly and without scrap with this Federal Air- 
Electric Grinding Gage. The operator loads the 
machine, snaps the caliper on the work and starts 
m@the machine cycle. When the work is down to 
size, the wheel automatically backs up. The large 
Air Dial and the three signal lights provide visual 
checks on the progress of the grinding. With this 
Machine Control Gage it is impossible to grind 
undersize scrap because the gage automatically 
backs the wheel up when work is to size. 





This Federal unit, employing an Arnold continu- 
ous caliper type grinding gage, automatically con- 
trols the size of the journal surfaces of 1100 lb. 
freight car axles, The gage, ordinarily retracted to 
provide loading clearance, automatically springs 
onto the work and takes control of the grinding 
process at the start of the grinding cycle. Signal 
lights tell the operator when work is ‘‘over size’’, 
“near size’’, or ‘‘to size’’ and are connected elec- 
tronically to the machine controls so the grinding 
cycle is automatically stopped when the required 
size is obtained. Tolerances are consistently main- 
tained well within the plus 0.0005”, minus 
0.0000” specified. 


Grinding Spacer 

Plates on this par- 

allel disc grinder 

is an automatic 

Operation with 

Federal Machine Control. Workpieces are loaded 
in the slotted carrier wheel and the gage controls 
the feed of the wheels to compensate for wheel 
wear. Corrections are made alternately to each 
wheel-head to maintain the centering of the car- 
rier wheel. Automatic controls assure continuous 
production of good pieces, eliminating scrap. 


few of many applications 





F EDERAL Automatic 
MACHINE CONTROL GAGES 





have established 
their efficiency 


AUTOMATION is a new term applied to an idea that 

general machinery manufacturers have been doing ever SOME OF MANY 
since Eli Whitney invented his Cotton Gin. But, con- POSSIBILITIES 
trolling Machine Tools automatically so that they Percentage reject control. A 
produce work to required sizes is comparatively new. simulation of automatic 

Federal, however, has been designing and building statistical Q.C. 

Gages for this purpose for several years. We offer this Automatic shut-off when di- 
tried and proven experience to all builders and users mension out-of-control. 
of machinery where Automatic Dimensional Control of Automatic tool adjustment 
Machine Tools is desired. We can handle all phases of or compensation. 

the work; from work-handling through gaging, machine 
control and disposal. 

Federal is ready to provide standardized package 
units for air, electrical, electronic or combination con- 
trols and will cooperate with your engineers to adapt 
these to your machine requirements. Call — 


FEDERAL PRODUCTS CORPORATION 


4409 EDDY STREET * PROVIDENCE 1, RHODE ISLAND 


Ak FEDERAL 


FOR ANYTHING IN MODERN GAGES... 


Tool Adjustment Signalling. 


Automatic classification ac- 
cording to dimension. 


Automatic line operation 
signals, etc., etc. 








) OQURNS 
sub-miniature 


TRIMPOTS 


3 TIMES ' TRADE MARK 
ACTUAL 


SIZE 





One of many applications 
when space is at a premium 








PVaitie] mtb a> 


only '/4" x >, 


RESOLUTION: AS LOW AS 0.25% 
@® POWER RATING: 0.25 WATT AT 100° F. 
® WEIGHT: ONLY 0.1 OZ. 


Bourns TRIMPOT is a 25 turn, fully adjustable wire-wound 
potentiometer, designed and manufactured exclusively by BouRNs 
LABORATORIES, This rugged, precision instrument, developed expressly 
for trimming or balancing electrical circuits in miniaturized equipment, 
is accepted as a standard component by aircraft and missile manufac- 
turers and major industrial organizations. 

Accurate electrical adjustments are easily made by turning the 
exposed slotted shaft with a screw driver. Self-locking feature of the 
shaft eliminates awkward lock-nuts. Electrical settings are securely 
maintained during vibration of 20 G’s up to 2,000 cps or sustained 
acceleration of 100 G’s. BouRNs TRIMPOTS may be mounted indivi- 
dually or in stacked assemblies with two standard screws through the 
body eyelets. Immediate delivery is available in standard resistance 
values from 10 ohms to 20,000 ohms. BourNs TRIMPOTS can also be 
furnished with various modifications including dual outputs, special 
resistances and extended shafts. 


BourNs also manufactures precision potentiometers 
to measure Linear Motion; Gage, Absolute, and 
Differential Pressure and Acceleration 


i Pouens LABORATORIES 


6135 MAGNOLIA AVENUE, RIVERSIDE, CALIFORNIA 
© v.s.rarenra venom Technical Bulletin On Request, Dept. 272 
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Bergman: IRD choice 


sue of the biannual newsletter came 
out in August. E. S. Cobb, associate ed- 
itor of “Product Engineering” is its 
editor. 

A. S. Iberall, Consultant, Cleve- 
land, Ohio, has energized his IRD 
Theory Committee to the extent that 
it is organizing three technical sessions 
for the annual ASME meeting this 
December in New York. The sessions 
will deal primarily with the theory of 
basic instrument elements. 

Members of the IRD executive 
committee taking office in December 
are: Dr. J. A. Hrones, W. E. Belcher, 
R. E. Clarridge, R. Oldenburger, Dr. 
D. J. Bergman. Dr. Bergman was 
unanimously chosen as new member 
by postcard returns from the division 
membership. He brings to the com- 
mittee 33 years’ experience in the oil 
refinery business. Dr. Bergman has 
been active in the development of 
processes for the production of high- 
octane aviation and motor fuel. These 
processes for the production of high- 
polymerization, dehydrogenation, fluid 
catalytic cracking, alkylation, and cat- 
alytic reforming. He is a member of 


ASME, ACS, ISA, ASTM, and API. 


IRE plans to form a Professional 
Group on Automatic Control Tech- 
nology this fall. Mr. Robert B. Wil- 
cox, Raytheon Manufacturing Corpor- 
ation, Waltham, Mass., organized the 
effort which precipitated the plans. 
Aided by a small group including Mr. 
John Ward, M.I.T., Cambridge, Mass. 
and Mr. Cledo Brunetti, General 
Mills, Mechanical Division, Minne- 
apolis, Minn., Mr. Wilcox circulated 
petitions which drew 150 signers from 
the New York-New England area and 
50 from the area around Minneapolis. 

The group will eventually hold 
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What the Control Engineer 
Should Know About Superior Tuse 


ONE SOURCE FOR ALL YOUR NEEDS. 
Superior makes the widest range of 
alloys available in tube form—offers 
you as standard products what many 
firms would classify “‘specialty”’ tub- 
ing. You can get round or shaped 
tubing to standard specifications or 
to your own design. You can get 
capillary tubing, pointer tubing, oval 
and flattened tubing for Bourdon 
springs, electronic tubing, pressure 
and superpressure tubing, telescopic 
sizes and large O.D. light wall iub- 
ing. Over 55 analyses are available in 
carbon, alloy and stainless steels; in 
nickel and nickel alloys; in beryllium 
copper, titanium, zirconium. Alli 
analyses are available in .010’’ to 
54’ O.D. and certain analyses in 
light walls up to 214” O.D. 


SUPERIOR WORKS WITH YOU. 
Superior is a specialty redraw mill 
that produces tubing to your specifi- 
cations. No finished sizes of tubing 
are carried in mill stock except for 
sample experimental lots. Every 
order is produced as it is received. 
Our engineers are thoroughly famil- 
iar with small tubing, its production 
techniques and end uses, because 


Superior has always worked closely 
with users and fabricators of tubing 
in nearly every industry. It is their 
aim to supply you with the right 
analysis in the right temper with 
the right finish to fit your particular 
problem or condition. 

Superior is more than willing to 
tackle your smallest developmental 
order—and more than able to handle 
your largest production order. 


SUPERIOR QUALITY. The quality 
which users have come to expect 
from Superior tubing is no overnight 
accomplishment. Rather, it is the 
result of years of experience plus a 
continuing search for improved pro- 
duction and control methods. That 
is why Superior can offer you close 
tolerances; bright, clean O.D. and 
I.D. surfaces ready for fabrication; 
and a thorough metallurgical con- 
trol of quality. Superior tubing is a 
constant; its behavior, in production 
and end use, is predictable order 
after order. 


SUPERIOR METHODS. To apply pre- 
cision methods and quality controls 
to the production of tubing, we have 
developed many laboratory, produc- 


Round and shaped tubing available in Carbon, Alloy and Stainless Steels; Nickel and Nickel Alloys; Beryllium Copper; 
Titanium; Zirconium 


| Syoerrir file 


The big name in small tubing 


West Coast: Pacific Tube Company, 5710 Smithway St., Los Angeles 22, Calif. RAymond 3-1331 


All analyses .010’’ to %’’ 0.D. 
Certain analyses in light walls up to 244’’ 0.D. 
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tion and inspection techniques which 
are unique with Superior—non- 
destructive testing for one instance, 
or either the vacuum or controlled 
atmosphere annealing of cold-drawn 
materials for another. Our physical, 
chemical and metallurgical labs con- 
duct thousands of tests annually as 
part of the control of tempers, fin- 
ishes, tolerances, etc. The results of 
these tests are available to you with- 
out charge. 


Although Superior carries no 
mill stock, distributor ware- 
houses the country over stock 
standard analyses in many 
sizes and tempers for prompt 


shipment. 


Superior’s tube specialists will be 
glad to work with you in develop- 
ing, designing and producing the 
tubing you need. If you have a prob- 
lem involving <ubing, write or wire 
at once. For further technical infor- 
mation, ask for Bulletin 32. It’s free. 
Just fill in and mail the coupon. 


FREE TECHNICAL INFORMATION 


SUPERIOR TUBE COMPANY 
2055 Germantown Avenue 
Norristown, Pa. 


Please send me by return mail a free copy 
of Bulletin 32. 


Name__ 





Title_ 
Company 
Street 


Zone___State__ 
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WHAT’S NEW 





meetings and publish quarterly trans- 
actions, as the existing IRE profes- 
sional groups do. 


SAVE TIME and MONEY 


Buy a @ Parts manufactured 
Complete @ Tool and die work provided 


“PAC K AGE”. @ Components procured 
Assembly 


AIChE 


Publication of the “AIChE Jour- 
nal” begins with its first issue in Janu- 
@ Wiring & Assembly completed ary, 1955. Dr. R. Harding Bliss, 
@ Internally and externally finished professor of chemical engineering and 
© Tested and inspected fellow of Jonathan Edwards College at 


from @ Delivered to directed locations 


ELECTRO-SEAL 


© Electro-Seal service includes engineering and de- 
sign when desired. Our customers include many out- 
standing leaders in the electrical and electronic field. 
Bzing your special assembly or wiring problem to 
Electro-Seal. We may have already solved it—for 
somebody else. Save time—call or write TODAY. 





’ 





Typical 


PACKAGE 


Assemblies 


by 
Electro-Seal 


@ Counting chains (fixed or sequential) 
@ Test and inspection sets 

@ Remote telemetering controls 

@ Carrier equipment 

@ Private telephone switchboards 

@ Control cabinets 

@ Electro-mechanical controls 

@ Special enclosures 


@ Hermetic Sealing 


)) Electro-Seal Corporation 


946 North Avenue * Des Plaines, Illinois 


Yale University, will edit the journal in 
addition to carrying his teaching pro- 
gram at Yale. 

Dr. Bliss authored sections of the 
Chemical Engineers’ Handbook” by 
J. H. Perry and “Chemical Engineer- 
ing Economics” by Chaplin Tyler. 


Important Moves 

By Key People 

> Kenneth Slawson has been promoted 
to vice-president of Sperry Corp.’s 
Ford Instrument Division. Mr. Slaw- 
son joined Sperry in 1928. From 1946 
he managed the E. G. Staude Mfg. 
Co. Division, which was sold to 
Bryant Chucking Grinder Co. last 
year. 


Slawson, new Ford Instrument V-P 


> Walter P. Hooper is now adminis- 
trative vice-president of Panellit, Inc. 
Formerly a public accountant and 
president of the Wales-Strippit Corp.., 
Mr. Hooper will take on the bulk of 
Panellit’s administrative responsibili- 
ties. This will leave president Albert 
F’. Sperry free to concentrate on a new 
automatic-control research and de 
velopment program. 

> William C. Jordan has resigned as 
executive vice-president of Hughes 
Aircraft Co. He had taken the post 
temporarily last October following a 
mass exodus of technical and executive 
personnel. 
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Sylvania Offers You... 


A NEW COMPACT DIODE LINE 


Smaller Size...Greater Stability... 


New improved 
Sylvania T-1 Diode. 
Actual size only 

.125 inches in diameter. 


In keeping with today’s trend toward miniaturization 
in set and circuit designs, Sylvania offers a complete quality 
line of compact crystal diodes with improved stability 


These new components measure only .125 inches in di- 
ameter . . . require only 1 /6th the space of former units. 
At the same time, due to advanced manufacturing tech- 
niques and Sylvania’s new automatic precision equipment, 
they provide far higher performance records. 


With these tiny diodes, you can be assured of more uni- 
form characteristics and closer tolerance limits . . . even 
on large quantity orders. 

Sylvania Electric Products Inc., 1740 Broadway, New York 19, N. Y. 
This new T-1 Series also has recently passed MIL-E- 
1B moisture-resistance tests. Now available in capacities 
for every need. For full details write to Dept. 4E-5209, 

Sylvania today! 
In Canada: Sylvania Electric (Canada) Ltd. 


University Tower Building, St. Catherine Street, Montreal, P. Q. Another reason why it pays fo specify Sylvania! 


LIGHTING RADIO + ELECTRONICS TELEVISION 
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Automatic voltage stabilization 


for sensitive control components 


You can eliminate the variable of erratic line voltage on 
voltage-sensitive elements of automatic control equipment. 
Do it simply and economically with the Sola Constant Voltage 
Transformer. 


The Sola stabilizer is a static-magnetic regulator which 
differs from regulators depending solely upon saturation of 
core materials; or electronic types employing tubes. Their 
characteristics, listed below, make them ideal for controlling 
input voltage to voltage-sensitive electronic and electrical 
control components. 

1. Regulation within +1%%, with primary voltage 

(transient or continuous) variations as great as 30%. 
Response time less than 144 cycles. 


No moving or wearing mechanical parts, nor vacuum 
tubes; requires no manual adjustments. 


SOLA wSiercomcne 


CONSTANT VOLTAGE TRAN $ for Regu 


Newton 58, Massachusetts © y vOmn 38, 305 bro 
Building © CLEVc:AND 15; 1836 Euclid Avenue 


22 


4. Completely automatic, continuous regulation. 
Self-protecting against short-circuits on output. 


Current-limiting characteristic protects load equip- 
ment. 


7. Isolates the input and output circuits. 


Forty-three Sola stock units are available in a wide 
variety of ratings, voltages and types. In addition, custom- 
designed units can be manufactured (in production quan- 
tities) to meet specific requirements. 


The experience of the world’s largest manufacturer of 
constant voltage transformers is available to you. We invite 
you to discuss your voltage stabilizing problems with a Sola 
Sales Engineer. 


WRITE FOR LITERATURE. Sola Constant Volt- 
age Transformers are completely described in 
a 24 page manual. Write for a copy of 26!- 
CV-200 on your letterhead, please. 


for Ail Types of Fluorescent ond 
BOSTON: 


CONTROL ENGINEERING 





po 5 
| SCHAFFER POIDOMETERS rely on CLARK CONTROL 


L for accurate feeding, weighing and conveying a 





CLARK Tye CY” Starters 
Cee Caste unis or Conlol System 





Schaffer Poidometers—Feeder—Weigher—Conveyor 


Dependable, accurate control is essential on poidometers 
designed to deliver materials to machines or process 


operations in exactly correct amounts. — 
P r , m Closed view of 
The Schaffer poidometer illustrated is one of four which Clark Control Cabinet 


feed clinker and gypsum in lump state to a ball mill for 
pulverization. The CLARK control panel incorporates 
controls for two motors—one operating the conveyor 
belt at a fixed travel speed, the other operating the 
hopper gate. A weighing beam actuates limit switches, 
causing controlled motor to move gates up or down, to 
keep proper weight of material flowing. 





When two or more poidometers are used for proportion- 
ing materials, coutrols are provided so that stoppage 
of one machine automatically stops the others to prevent 
improper proportioning. 


CLARK Type”CY” AC Motor Starters are ideal for this and 
other control applications where accuracy and depend- 
ability are requisites. The new arc-quenching principle, 
which forces the arc to move continually from a hot to 
a cold spot on contact surfaces effectively reduces contact Open view of cabinet 
wear—thus providing less down time and longer life. 





These and other important exclusive features of CLARK Type”’CY” Stark. s 
can improve the efficiency of your machines, Let us show you how. 


Cleveland 10, Ohio 
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Credentials that Qualify 


...that’s why 1B M uses Sangamo 


The amazingly complex IBM “702” electronic calculator is hailed as the fastest and 
most flexible commercial data processing system ever devised. The central Arithmetical 
and Logical Unit performs calculations and makes decisions at a rate of more than 
10,000,000 operations in an hour. Data and instructions for processing are stored in an 
electrostatic memory bank of cathode ray storage tubes. Output can be in the form of 
punch cards at the rate of 100 per minute. 

A machine like this needs components that assure maximum performance to meet its 
exacting demands. That’s why several different types of Sangamo Capacitors are used 
in the 702. 

If you need capacitors for demanding electronic applications, Sangamo engineers can 
help you. You can choose from a complete line of paper, mica, electrolytic and button 
type capacitors for every industrial, electronic, and radio application. 


SANGAMO ELECTRIC COMPANY 


MARION, ILLINOIS 
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SANGAMO 


CAPACITORS 


Stability 
UT are(- ae Vi Me Orelaleibal+lal4 


v 


ite, 
Thase who know... 8% chease Sengamo- 


4, Poe og 


% “ 
Songamo™ 


SC54-14 
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use the R-4 Miniature | 
Kotary Switch 


illustrated above is the R-4 Minia- 
ture Rotary Switch—available 
now for those applications where 
space is at a premium. Featuring 
unit construction, silver contacts, 
600 volt insulation, enclosed mech- 
anismt and choice of handles, the 
R-4 provides the same high inter- 
ruptiig capacity, long life and 
flexibility found in the standard 
R-2 Control switch illustrated at 
right. 

Both R-2 and R-4 Rotary 
switches are available in a wide 
combination of contact arrange- 
ments for Instrument—Control— 
Transfer—-Auxiliary and Special 
Applications. 





Catalog 7140 contains complete information. Request your copy today. 
For a prompt answer to your switch problem—consult the Factory 
or your nearest Roller-Smith Sales office. 


on ee 
ROLLER-SMI 
1825 WEST 
BETHLEHEM, PENNSYLVANI 


Since 1908—producers of high quality electrical instruments, aircraft meters, rotary switches, relays and precision balances. 
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Eth mek, F-wekeomezed, bai cere 
OF VARIABLE SPEEDS 

















Now any process requiring automatic 
variable speeds can be driven by U. S. 
Varidrive with Varitrol control. For more 


than 20 years the Varidrive has been 


recognized as the most compact and effi- 
cient device for obtaining variable speeds, 
with ratios up to 10:1 and capacity from 
4 -50 HP. Varitrol is a new control device 
which regulates the speed of a Varidrive 
in response to a signal. The signal is ob- 
tained from a standard type of pneumatic 
instrument sensitive to such variables as: 


Temperatures Liquid Level 
Humidity Weight 
Pressure Tension 
Speed Position 


Many firms are increasing pro- 
ductivity with Varitrol control. 
| OUTPUT Quality of product is improved, 
SHAFT human effort is reduced. Lower 
RESPONDS WITH costs result in better salability of 

VARIABLE your products. 

SPEEDS U. S. Engineers are experienced 
in variable speed problems, and 
can help you apply Varidrives 
to your process. 


Request new Bulletin on Varidrives with 
Varitrol automatic control. Indicate if 
you would like additional literature on 
Varidrives 


REQUEST FOR VARITROL BULLETIN 


U. S. ELECTRICAL MOTORS INC. 
Box 2058, Los Angeles 54, Calif. or Milford, Conn 


L) Send also 16-page 4-color Booklet on Varidrives 





NAME . 
COMPANY 
ADDRESS 


ZONE STATE 
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From Link Aviation comes a new kind 
of flexibility for servo design and 
manufacture. Tested and proved in 


ear Phase Detectors 


production electronic equipment, Link 
ity proportional to the phase at the input. 

Hi-Precision Servo Components can be 

used interchangeably in laboratory 

prototypes and actual production 

models. This new technique assures in- 

use performance during research — 


cuts costs in production design — saves 


Summing Amplifiers 
Model 301, illustrated, performs the functions 
of isolation with low output impedance, as a 
phase inverter — in conjunction with a network 
in the grid circuit, as a summing amplifier. 


time in tooling-up in the fast-changing 


electronics field. 


Write Department CE-] for full 
specifications on the typical servo 
parts shown here — or for the complete 
Link Servo Components Catalog. 


1 Hi-precision base and upright plates 


are designed to eliminate alignment 


problems — yet permit full design flexibility for 
combining electronic and mechanical - .. 


units in a single compact unit. 


2 Hi-precision gear boxes << 
range in ratio from 20:1 to 3125:1 — 


feature virtually 


tion — low 


friction-free construc- 


inertia — and high torque. Gear 
boxes in all ratios are practically backlash-proof. 


Manufacturers of the world-famous Link Trainers and Simulators * servo 


mechanisms * graphic recorders * spur gear differentials © friction and 








over-drive clutches * index dials * phase angle meters ¢ ratio voltmeters 





precision potentiometers * and other special electronic devices. 





Lin 
Model 302, illustrated, produces a D.C. voltage 
at its output proportional in magnitude to an 
A.C. 60 cycle voliage at the input with polar- 


Servo Amplifiers 
Model 300, illustrated, provides a versatile 
high gain, low phase shift for use at 60 and 
400 cycles. The amplifier can be coupled di- 
rectly to plate to plate servo motors or matched 
to a specific motor. 


Phase Detectors 
Model 303, illustrated, compares a 60 cycle 
voltage input of reversible phase with a refer- 
ence voltage of fixed phase. Ultra sensitive, 
Model 303 requires only a minimum differen- 
tial to energize or de-energize a relay. 


AVIATION, INC. 


BINGHAMTON, N.Y 


A subsidiary of General Precision Equipment Corporation 
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Progress cannot be denied! Naugatuck Chemical Division 
of U. S. Rubber Company has completely equipped a new 
plant with Conomotor Series LB Control Valves for tem- 
perature control on reactors. U. S. Steel is using a large 
quantity of these valves for various services in their new 
coal chemical facilities in the midwest. E. I. du Pont use 
Conomotor Control Valves for their complete valve equip- 
ment in a new pilot plant at their Eastern Regional Lab- 
oratories. Armstrong Cork Co. has standardized on 
Conomotor LB Valves for an extensive modernization pro- 
gram. These important decisions were based on thorough 
evaluation of design, performance and cost. When com- 
panies of this caliber approve and adopt a new advance in 
process control, you can rely on their judgment. These and 
other new installations are typical of the important part 
Conoflow final control elements play in the modern in- 
dustrial evolution to automatic control. Whether you have 
a new plant or plan to modernize your old plant it will pay 
you to talk to Conoflow. 


CONOMOTOR 
Sexes LB 


CONTROL 
VALVES 


THESE LEADING COMPANIES 
have MODERNIZED with 
CONOMOTOR Sezces LB CONTROL VALVES 


fe Armstrong Cork Co. © Naugatuck Chemical 

@ Bakelite Company Division U. S. Rubber Co. 

@ Colgate-Palmolive Co. © Philadelphia Electric Co. 

© Curtiss-Wright Corp. © Publicker Industries, Inc. 

@ E. |. duPont de Nemours © 40s. Schlitz Brewing Co. 
& Co., Inc. © Sharples Corp. 

@ Emery Industries, Inc. © The Sherwin-Williams Co. 

@ General Electric Co. ® U. S. Steel Corp. 

@ Heyden Chemical Corp. ® Victor Chemical Works 





@ Westinghouse Electric Corp. 


WRITE FOR CATALOG LB-1, “"PORTENT OF THINGS TO COME” 


fone} Tel a med’ Maerel die]. s wale, 


FOREMOST MANUFACTURERS OF FINAL CONTROL ELEMENTS 


2100 ARCH STREET, PHILADELPHIA 3, PA. 
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3. Automatic sequencing of batch oper- 
ations. The Taylor FLEX-O-TIMER* 
Time Cycle Controller “does its own 
thinking’ —takes care of as many as 36 
operations automatically. Provides au- 
tomatic timing of the sequence and 
duration of processing operations in- 
volving temperature, pressure, mechan- 
ical motion, electrical energy or com- 
binations of each—precisely in accord- 
ance with a pre-determined schedule. 


Provides push-button operation for such jobs as: hydraulic 
press operation; batch charging and dumping; plastic molding 
operations; hydrogenation of edible oils and fats; dry ice mold- 
ing; backwashing of catalyst and filter beds, etc. 


30 




















4. Lifetime high accuracy in laboratory, routine testing. 
The name Taylor is your protection on etched stem 
thermometers and hydrometers. A.S.T.M.’s, Plain, 
Armored or Pocket-Type-thermometers are precision 
built and designed for maximum readability. Expertly 
annealed for minimum breakage. Specially aged before 
pointing and graduating for permanent accuracy. 

Taylor EASYKLEEN* Plain and Thermo-Hydrometers 
are built with the same precision. Streamlined designs 
assure correct readings, no trapping of bubbles on 
surfaces. They sink rapidly to floating point. Available 
with all scales recognized by the Bureau of Standards. 


*Trade-Mark 
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Worlds Temperature - 


and that’s not all eee Lhere are Taylor instruments for indicating, recording 
and controlling pressure, flow, liquid level, speed, load, density and humidity as 
well as temperature. We can supply you with a matched set of ASTM precision 
thermometers, or a completely-equipped graphic panel. And throughout the 
U. S. A., Canada, Australia, Europe, Latin America and many other parts of the 


world there are Taylor trained Field Engineers to help you with your instru- 


mentation problems. Write for the name of your local man to Taylor Instrument 


Companies, Rochester, N. Y. 


1. Graphic Panels requiring mini- 
ature instrumentation. The rapid 
advances of automation in re- 
cent years have necessitated the 
development of the graphic 
panel—and consequently minia- 
ture instrumentation. Taylor was 
one of the first in this field and the well known TRANSET* Sys- 
tem carries many refinements of design based on actual field 
experience. For example, the need for more accurate measuring 
devices, due to separation of the functions of measurement 
and/or control and indication or recording, led to the use of 
the force-balance principle in transmitters. Thus the small 
power generated by minute changes of measurement can be 
transmitted with high accuracy to receivers. Taylor also con- 
tributed the TRANSET Plug-In Controllers and Receivers which 
reduce panel size, simplify mounting, mean fewer piping con- 
nections, easier maintenance and lower labor and material 
costs—at no premium to you! 


5. Dependable Non-Indicating Controllers 

for routine applications. The Taylor Se/f- 

Acting Temperature Controller (shown) 

is ideal for any process where air or 

electricity is not available and where “on 

the nose” control is not absolutely es- 

sential. Many ranges between 10° and 

610 °F. Can be used for valves up to 2’ — 

direct or reverse acting. 

The Taylor Type-P Expansion Stem Tem- 

perature Controller is designed for appli- 

cations where “on-off” control is acceptable and where there’s 
space for the 12” or 15” rigid expansion stem. Air operated: 
control point easily changed. 

For simple pressure applications the Taylor 10RF Non-Indicat- 
ing Controller is available in direct or reverse-acting types. Air 
operated; sturdily built; inexpensive. 


2. Complete local or point of measure- 
ment control. Fifteen years of unparal- 
leled performance on all types of con- 
trol problems have established the 
FULSCOPE* Controller as pre-eminent 
in accuracy, dependability and economy 
of operation. It is extremely versatile 
because the same control mechanisms 
are available for temperature, pressure, 
flow and liquid level—in either record- 
ing or indicating models, as locally 
mounted controllers, transmitters or controlling receivers. In- 
terchangeable unit construction permits a small inventory of 
parts. Pre-calibrated units eliminate expensive checking. Easy 
accessibility means minimum down time. And the FULSCOPE 
Controller is adaptable to any control problem because of 
three control effects: Proportional Response, Automatic Reset 
Response, and PRE-ACT* Response (rate action)... another 
Taylor “first’’. 


6. Simple, economical measurement of load 

or force. Taylor Volumetric Load Measuring 

Elements are rugged, self-contained units 

for measuring force direct/y on the chart or 

scale of a recording or indicating instru- 

ment. No auxiliary source of power is re- Ww 
quired. This is one of the simplest methods Zia 


) 


of determining tension, compression loads WSs 
and combinations or both on most any type ® 

of equipment. The paper and textile indus- 

tries have proved their design, accuracy and performance over 
many years, and recent developments have extended their 
utility to many other applications such as: measuring tension 
on conveyor belts; film tension; thrust on bearings; forces 
applied by pneumatic or hydraulic cylinders on squeeze rolls; 
weight of suspended solids or corrosive liquids in tanks, and 
force applied oa testing apparatus. 


Taylor Lustrumenid MEAN ACCURACY FIRST 


SEPTEMBER 1954 














TYPE 2003 
Same as Type 2007 (at right) 


except Tube 12AT7 and 5 pig- 
tail components are external. 








TYPE 2007, BASIC UNIT 
Contains shock-mounted fork, 
double triode and all cir- 
cuitry. Output, 400 or 500 
cycles. Accuracy = 1 part 
in 50,000. Octal base con- 
tainer, 1/2" x 4/2". Weight, 
10 oz. Power required, 75 to 
200 V.-D.C. at 1 to 5 ma. 
and 6.3 V. at 300 ma. De- 
signed for MIL equipment. 





TYPE 2001-2, BASIC UNIT 
Frequencies, 200 to 3000 
cycles. Dividers and multi- 
pliers available for lower 
and higher frequencies. Out- 
put, 6 V.—JAN construction. 





TYPE 2005, UTILITY 
Provides 10 Watts at 110 V. 

















Precision frequencies from 50 
to 500 cycles. Input power, 
50 to 500 cycles, 45 Watts. 














TYPE 2121-A, LAB. 
STANDARD 
Outputs, 60 cycles, 0-110 
Volts, 10 watts; 120-240 cy. 
impulses. Input, 50-400 cycles, 

45 Watts. 











50 Watt output. 0-110-220 V. 
at 60 cycles or any fre- 
quency 50 to 1000 cycles. 


lll 


/ [ TYPE 2111A, POWER UNIT 











WIDELY USED 
IN SUCH FIELDS AS 
Aviation, Navigation 
Ordnance, Ballistics 
High Speed Photography 
a Measurement 
Fluid Flow 
Nuclear Physics, Telemetering 
Chemical Reaction 
Radiation Counting 
Computers 
Facsimile 
Fire Control 
School and Indl. Research Labs. 
Accurate Speed Control 


FREQUENCIES 


GUARANTEED ACCURACY 
1 PART IN 100,000 (,001%, 


except where otherwise note 


The basis of these frequency standards is an electronically 
actuated high-precision fork, temperature-compensated and 
hermetically sealed against barometric changes. The partial list 
of uses at the right not only suggests the broad range of appli- 
cations but also proven dependability where there can be no 
compromise with accuracy. Please request details by Type No. 
Our engineers are available for advice or cooperation on re- 
lated problems. 


American Time Products, Ine. 


580 Fifth Avenue New York 36,N. Y. 


OPERATING UNDER PATENTS OF WESTERN ELECTRIC COMPANY 
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ACCELERATE 
YOUR 
DEVELOPMENT OR 
PRODUCTION PROGRAM 


with COST CUTTING 


A typical setup built 
emplcying Reeves 
Brea: board Parts. 


INSTRUMENTATION BREADBOARD PARTS 


ELIMINATE DRAFTING TIME— 
With Reeves Breadboard Parts you can build 
working models or permanent setups directly 
from schematics. 


ELIMINATE DESIGN TIME— 
Reeves Breadboard Parts are so versatile that 
most types of high precision equipment such as 
servomechanisms, control devices and comput- 
ers can be developed without designing and 
fabricating special parts. 


REDUCE ASSEMBLY TIME— 
Slotted mounting plates, shaft hangers and com- 
ponent hangers give the Reeves breadboard 
method of assembly its speed and versatility. 
Components can be mounted quickly and easily 
in any desired position. 


REDUCE MODIFICATION TIME— 
Reeves Breadboard Parts eliminate the enor- 
mous waste incident to making modifications of 
experimental models built with special parts. 


STANDARD AND MINIATURE SIZES AVAILABLE 
Reeves Breadboard Parts are available in STANDARD ('4" shaft) and MINIATURE 
(%”" shaft) sizes. The latter are ideal for applications where small size and light weight 
are important factors. 


SEND FOR YOUR FREE FULL SCALE MINIATURE BREADBOARD TEMPLATES AND LEARN HOW EASY 
IT IS TO DESIGN A REEVES BREADBOARD SETUP 


With the broadboard template you lay out a tentative setup using scale size cutouts of 
the components. It’s easy. It’s practical. When the cutouts have been secured in place, 
turn the template over to the shop and you should have your setup in a matter of hours. 


Name [] | am interested in further information concerning Reeves 
products 


Position . 
C] | would like to have the Miniature Breadboard Template 


Company 
C) | would like a copy of the Standard and Miniature Bread- 


Company Address board Parts Catalogue 


5 REEVES INSTRUMENT COMPANY A subsidiary of Claude Neon Inc. 215 East 91st Street, N.Y.C. 
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Another step 


continuously controls 


Fluorescence 
Turbidity Color 


in plant streams 


Three basic elements make up the Flow Colorimeter: 


monitoring clarity of liquids 


checking filtrates for filtering 
efficiency 


monitoring suspended solids 


» monitoring nonmiscible drops 
suspended in a liquid 


determining color intensity 


= & 


A tungsten lamp is the radiation source. Filters 
select the color of light beamed through the flow cell. 


A stainless-steel casting with windows of 
ultraviolet-transmitting corex glass handles flows to 7 gpm, 
pressures to 150 psi. Flow cells can also be glass-lined or 
made specially from nickel alloys, plastic, etc. Path length 
can be 1, 2, or 5 centimeters. Openings provide ready access 
to inside of cell. 


A sensitive phototube and exceptionally stable 
Beckman a-c amplifier measure the radiation transmitted 
through the flow cell. The amplified signal operates a stand- 
ard potentiometer recorder. Amplifier circuit components 
are mounted in three separate plug-in units for immediate 
on-stream maintenance by regular operating personnel. 


For additional information, write for Data File 90— 46 


BECKMAN INSTRUMENTS, INC. 


PE LRERTON.1, CALIFORNIA 
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Industry’s Pulse 


Pity the ambitious technician who wants to study up on control 
engineering. He borrows a couple of standard texts and wades in. 
Almost immediately he runs into a wall—a barrier of words. The 
engineers who have roused his interest in the subject and the authors 
of both texts are all speaking different languages. His enterprise 
squelched, the poor technician abandons his program of self-improve- 
ment. If his is a sensitive nature, he may flee to a job in a bakery, 
where flour is flour, dough is dough, and an oven is unambiguously 
an oven. 

The sad fact is that the man who would keep up with control 
engineering today must be, to a great extent, multilingual. The con- 
cept and practice of automatic control has many roots, which are 
only now merging into a main stem. Engineers who entered this 
field by way wy the process industries tend to think and talk in terms 
of valves, nozzles, and other hardware. Those who made their 
approach through servomechanism theory modulate their speech 
with the dynamics of components and systems. 

Several dialects and dozens of pet terms introduced by various 
experts further muddy the linguistic stream. So horrendous is the 
semantic confusion that a speaker at a recent meeting on automatic 
control complained afterward that he could hardly fathom the two 
papers preceding and following his own. 


Fortunately, control engineering has its own lexicographers. With 
remarkable patience, these few men have been defining a language 
common to all approaches to their field. In the United States to 
date the most comprehensive results have come from two groups: 
the Terminology Committee of the Instruments and Regulators 
Division, American Society of Mechanical Engineers, and the Sub- 
committee on Terminology and Nomenclature of the Feedback Con- 
trol Systems Committee, American Institute of Electrical E sngineers. 

The ASME has been laboring at the language problem for eleven 
years; the AIEE for five. Their latest proposals, released last June 
and April respectively, are reassuringly similar . 


First, the committees agree that the performance of all control 


systems can be discussed in terms of a simple and basic block dia- 
gram. Whether the system is a gun pointer or a petroleum fraction- 
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a new twist 


in mass flow 


measurement 


In the NORWOOD CONTROLS Gyro Meter fluids 

flowing through a pretzel of pipe correspond to the action 

of a rotating gyro wheel. The first instrument to measure 
true mass flow directly, it sets a new standard of accuracy 
for the precision metering of bulk fluids. 


When the gyro is precessed by rotating the pretzel about the axis 
of flow, it produces a torque. The torque produced by this 
precession is directly proportional to the mass flow of the 
material flowing through the pipe. 


The ability to achieve greater simplicity, accuracy and 
dependability through the application of new 

engineering techniques has established NORWOOD CONTROLS 
as a leader in the fields of flow, pressure, 

temperature and weight measurment. 


Controls Division 
ess ee ee CONTROL ENGINEERING CORPORATION 
CONTROLS 931 Washington St. » Norwood, Mass. 


Complete technical information will be supplied upon request. 
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...industry’s pulse 


ating tower, the same concepts apply. 

The committees are likewise in full accord on the symbols they G d 
use to label parts of the block diagram. With a charitable attitude a 
toward typist and printer, they have stuck to the English alphabet. 
The thetas, indicative of rotary motion, suit servomechanism think- 
ing. But they don’t apply generally to all means of control. So, they 
had to go. Other taboo letters were “d”, which might be confused 
with differential, and the operators “‘s” and “p 

Agreement on specific terms is less close. But for fifteen basic 
words, most relating to the block diagram, the committees have essen- 
tially identical definitions. Each term applies to all the jobs that 
automatic controls can handle. “Error,” for example, is a descrip- 
tive word in the discussion of servomechanism positioning. But it 
is inappropriate to the control of fluid flow in a chemical plant. Here, 
both committees endorse “actuating signal’’ to label the force 
that directs a controller to take action. 

A standard terminology is in sight. The American Standards 
Association is now setting up a committee to write the dictionary 
of automatic control. The committee will draw representatives from 
some thirty or forty technical societies, government bureaus, and 
industry groups. With each member organization having, in effect, 
one vote, progress may be slow. But the very breadth of the con- 
sensus should produce a readily accepted standard. 

The men who have been wrestling with the terminology problem 
for years cautiously avoid predicting when the ASA committee will 
finish its task. It may well be ten years before every term and symbol 
is settled upon. Even if standardization takes somewhat longer, 
control engineers will have a decided edge over mathematicians, 
who pride themselves on logical and unambiguous thinking. Almost 
three centuries ago, Sir Isaac Newton and Baron Gottfried Wilhelm 
von Leibniz independently developed differential calculus. Each, 
naturally, had his own symbol for the derivative of a function. Did 
their followers standardize? Indeed not. With high disdain for the 
universality of their language, they created a whole family of symbols, 
all meaning one and the same thing. 


OUR POLICY: Much as they would like to, the editors of 
ControL ENGINEERING will not attempt to specify the terminology 
that will be used in this magazine. For the time being, Conrroi 
ENGINEERING will follow ASME and AIEE proposed standards 
wherever they agree. And when the new ASA committee finally 
promulgates its standard, this magazine will adopt it as the universal 
language of automatic control. 


Common 
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SERVO MOTOR RESOLVER 


Ketay offers a complete range of sizes and types of rotating components . . . synchros, servo motors, and 
resolvers. Specifications for 116 of them are contained in an illustrated brochure, available upon request. 


Ketay leadership is the result of sound, imaginative engineering. From the 
design of a specialized component to the fabrication of complete systems, 
Ketay engineers create the “standards of tomorrow”. 


. .. leader in the development and manufacture of 
Synchros, Servo Motors, Resolvers, Amplifiers, Airborne 
instruments, and Automatic Controls. 

Ketay leadership is the result of a combination of research, 
experience, and outstanding manufacturing facilities. 
Some of these facilities are pictured here. 

Ketay has produced many firsts in automatic controls. 

For example, in Synchros, Ketay was first to produce 
miniaturized Synchros so remarkable for their high 
accuracy and unmatched reliability. Ketay was first to 
produce high temperature and corrosion resistant Synchros. 


Today, Ketay produces literally hundreds of different 


Sr Es . es a Executive Offices: 
Costs, quality, and stringent delivery schedules, are best controlled when criti- ECLA Y 555 Broadway, N. Y. 12, N. Y. 
cal manufacturing is done “‘on the premises” . . . under close supervision. ivisi 


d : } ‘ New York Division 
Ketay plants are fully equipped with modern machines and equipment. This Manvfacturing Corporation Electronic Instrument Div. 
Heald Borematic Department is but one of many such divisions at Ketay. 


MAGNETIC AMPLIFIER { RESOLVER AMPLIFIER 


e ELECTRO-MECHANICAL ASSEMBLY 








Comp ts for complete systems including gear trains and amplifiers of conventional and miniaturized types 
are ous to meet the most demanding of design requirements. 
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FUEL TOTALIZING INDICATOR FUEL FLOW TRANSMITTER DUAL FUEL FLOW INDICATOR 


Electronic control devices are among the many instruments Ketay manufactures for aircraft, missiles, marine, 
ordnance, and civilian application: Special designs to meet the limitations of space and operating conditions. 


Inspection of all parts, sub-assemblies, as well as completed instruments, is a 
fetish at Ketay. For instance, all bearings are inspected with specially devel- 
oped equipment in air conditioned work space. This is just one of the many 
techniques that assure maximum performance when Ketay units are specified. 


electro-mechanical devices some of which are illustrated on 
these pages. Currently, original Ketay developments are 
providing instrument performance far above present 
standards—many of which were set by earlier 

Ketay developments. 


Ketay successfully applies its production facilities and 
experienced research personnel to specific problems for 
the leaders in automatic control. 


Your interest will be well served by 
learning fully of the products and 
services you may obtain from Ketay. 


Pacific Division: 

12833 Simms Avenue, Hawthorne, Calif. Precision of manufacture is vital in every Ketay unit. To assure continuing re- 

Kinetix Instrument Div., Pacific Div. to e liability for its products, Ketay employs the very latest facilities and techniques, 

Research & Development Div. me Typical is this “gear room’ where modern gear cutting machinery produces 
’ gears to the finest of tolerances. 


TACHOMETER GENERATOR PANCAKE SYNCHRO GYRO PICKOFF SYNCHRO OVERLOAD. TRANSFORMER 


Many specialized units have been designed by Ketay engineers and are in quantity production. Custom engi- 
neered units for specific application are also available. 
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@ A Hefty Assist to Automation 
@ fully Enclosed 
Integral Junction Box 


The Valvair line broadens again — 
with Speed King’s exclusive features. 
All parts are totally enclosed. The 
Speed King will operate submerged 
in water or buried in sand. Simpli- 
city! — only two moving parts. Mold- 
ed coil—no wear or shorting out. 
20,000,000-cycle life and more. 
Speed King is industry's most rug- 
ged and compact valve. 


Other features: for pressures from 35 to 
200 p.s.i. pneumatics, hydraulics, vacuum; 
complete line—2-way, 3-way, 4-way and 
4-way-5-port (2-pressure) models; foot or 
sub-base (manifold) mounting; pipe sizes 
—Y%", ¥e", V2", %", and 1". 


Booth No. 2116 r Ask for Bulletin “TE-4”. 
A.S.T.E. SHOW it 


ie Affiliate: Sinclair-Collins Valve Company 
Representation in: BALTIMORE e BIRMINGHAM e BOSTON VALVAIR CORPORATION 1010 BEARDSLEY AVE., AKRON 11. OHIO 


BROOKLYN @ BUFFALO @ CHARLESTON, W. VA. e CHICAGO 
CLEVELAND e@ CRANFORD, N. J. © DAYTON e DENVER 
DETROIT @ EUREKA, CALIF. @ GLENSIDE, PA. e HOUSTON 
KANSAS CITY,MO. © LOGANSPORT, IND. © LOUISVILLE 
MILWAUKEE @ MINNEAPOLIS @ PASADENA e PITTSBURGH 
PORTLAND e ST.LOUIS e SAVANNAH e SEATTLE 
MONTREAL @ TORONTO @ VANCOUVER 
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NE of our editors attended a recent technical society meet- 

() ing. While in a committee gathering, he looked around at 
his associates.. They were all control engineers. But each had come 
from a different background. Their training was in physics; mathe- 
matics, electronics; chemical engineering, and mechanical engineer- 
ing. 

What brought these engineers together? A common denominator: 
the concept and application of automatic control. 

Up to now the control engineer has not had a magazine of his 
own. He has had to scavenge through a dozen or more periodicals 
in hope of finding an occasional article aimed directly at him. ‘The 
editors of ControL ENGINEERING are commissioned to remedy this 
situation. From our field we will gather fresh knowledge, integrate 
it, and transmit it to our fellow control engineers. 

The engineer who creates control systems and keeps them work- 
ing is a practical man. He realizes that a control system is not just 
an exquisite mechanism constructed to delight its designer. It must 
pay out. Management has a decision to make—to buy or not to buy, 
to build or not to build. It is the engineer’s responsibility to provide 
the information for the decision. He must impartially present the 
economics of each case so succinctly that management’s decision is 
simple. To aid the engineer in this extremely important phase of 
his work, we will cover the economic, as well as the purely technical, 
considerations involved in the engineering of contro! systems. 

Many of the men we serve became control engineers without 
benefit of well rounded training in control theo: y. They have 
practiced their profession empirically. Because they want to learn 
the basic theories, we will carry review articles that relate theory to 
practice—to show that practice is theory at work. 

The profession we represent is not static. ‘he prophet and pioneer 
play an important part in its dynamics. Their ideas may become 
the foundation for tomorrow's advances. Their message will be a 
part of our magazine. 

This magazine is a feedback control system. In a field as fluid as 
ours, we must continually measure the response to our efforts. The 
reader is our measuring element. We welcome his comments on 
all phases of our process. 
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ip ae sare rw takes on new stature and scope at 
the first International Instrument Congress and Ex- 
position in Philadelphia from September 13 to 24. 


Honeywell’s wovld-wide organization extends a sincere 
welcome to ali who come to this meeting from near or 
far . . . and invites you to see the many new ideas 
in instrumentation and control which will be displayed 
in the Honeywell booths. 


Whether your specific interest lies in industrial process 
controls ...instrumentation to aid research... controls 
for heating and air conditioning of commercial and 
institutional buildings . . . aeronautical controls and 
instruments . . . you'll find products of Honeywell 
research that are applicable to your problems. The latest 
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developments in ElectroniK, pneumatic and mechanical 
instruments—electric and pneumatic control systems— 
flow meters—pyrometer supplies and many related 
products—all will be shown in operating exhibits and 
informative displays. 


Of particular interest to visitors from abroad will be the 
exhibit of Honeywell’s extensive International Division, 
manned by specialists from overseas offices. 


Be sure to get to the Instrument Show this year—and 
be sure, too, to see the latest developments by Honeywell 
... ‘First in Controls,’ worldwide. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., [ndustrial 
Division, Wayne and Windrim Avenues, Phila. 44, Pa. 
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in the “Instrument Show" one . we 
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Booths BROWN INSTRUMENTS 


632-640, 731-739 Fouts a. Coitols 
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GROWING CONCEPT... 

Economy, efficiency, and 
higher plant morale have 
been the payoffs of control 
engineering at Corn Prod- 


ucts Refining Co. 
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STAGE 1: 
Complex panel ruled simple batch process at Kansas City 


INDUSTRIAL PROGRESS STORY: 


Management Buys Control 


H. C. FROST, Corn Products Refining Co. 


Topay no engineer undertakes a project at Corn 
Products Refining Co. without first determining 
the maximum benefits that can be realized through 
automatic control. 

It was not always so. Back in the war years, com- 
pany interest in this new engineering science was 
high. But the zefining process still followed tradi- 
tional lines, which appeared to create little oppor- 
tunity for the devices and systems so well utilized 
in other process industries. Most major units 
produced batch by batch, and the obvious automatic 
controls seemed too complex or too expensive an 
addendum to the human operator who had to be 
on hand anywey. 

The companv, nevertheless, was interested enough 
to employ a man schooled in automatic control to 
survey the possibilities. 

From this modest step of hiring a control engineer, 
and througn a sympathetic management which en- 
dorsed his early efforts and subsequent major projects 
of a growing staff, Corn Products has assimilated 
instrumentation to where it is now accepted as one 
of the important phases of engineering and operation 
within the company. 

Because the progressive, historical aspects of the 
control program at Corn Products not only explain 
this company attitude but also frame a very interest- 
ing period of automatic control evolution, let us start 
at the beginning. 
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Getting started meant a practical demonstration 
of the advantages that were possible through instru- 
mentation. At first, suggested applications were 
minor—the installation of a single recorder or tem- 
perature control. 

At about this time, however, the company decided 
to renovate completely the corn sugar and syrup 
producing facilities at its North Kansas City plant. 
Even though this planning was well advanced, an 
opportunity was created for the control engineering 
group to study the proposed process and determine 
where automatic controls might be applied. 

Essentially, the new process for converting starch 
to sugar and syrup was a sequenced batch operation, 
with material flow and scheduling under manual 
control. Analysis of the problem showed that a 
series of integrated closed-loop systems would simu- 
late this sequencing and that the whole opera- 
tion could actually be placed under central “‘one- 
knob control.”* In addition to the sequence and 
time cycle control system for the converting opera- 
tion, and the control systems applied to important 
concentration variables, it became apparent that a 
real contribution could be made in the succeeding 
steps of the process by controlling levels in tanks, 
so that capacities would match disturbances created 


* A complete discussion of the Kansas City project was made by 
C. F. Adeszko in Paper 50-2-1, presented to the Instrument Society 
of America in September 1950 and published in the “ISA Journal’ 
Vol. 7, No. 2, February 1951. 
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STAGE 2: 

Simplified instrumentation 
handled more complex 
continuous milling at Cor- 
pus Christi 














STAGE 3: At last, the graphic panel portrays the process itself—a three-stage evaporator—giving operator 
a feel for his job, a better understanding of the process, and a2 reassuring sense of participation 
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"Coupling this graphic presentation of the project with an 


economic analysis proved an excellent approach to management.” 











THE MEANS ... 


This is the scale-model panel which helped Com 
Products management envision how easy and advanta- 
geous it wouid be to control boilers by the graphic 
technique. Today this unorthodox approach to power 
control nears reality in the Argo boiler planc, where one 
man will quietly oversee dynamics of six huge steam 
generators. 


by the batch operations and other interruptions. 
Convincing management to provide some major 
financing (approximately $160,000) for what it could 
only see as a gamble took a special effort by the 
control group. This consisted of dramatizing the 
proposed instrumentation in a simplified, batch-by- 
batch diagrammatic presentation. Thus it was pos- 
sible to lead the unschooled viewer through each 
step of the automatic operation and show how certain 
concentration measurements could actuate control 
and how integrated operation was possible. 
Coupling this graphic presentation of the project 
with an economic analysis of its benefits proved an 
excellent approach to management. ‘This pattern 
of “selling” control has been followed whenever 
necessary. The technique of presenting just enough 
information on how the controls could accomplish 
their: stated functions in an easy to grasp manner, 
with concise and forceful statements of expected 
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benefits and savings, has played an important part 
in gaining acceptance of plans for making major 
control installations. 

During the early phases of construction at Kansas 
City the company decided to erect a complete pro- 
cessing plant in Corpus Christi, Texas. Pilot plant 
work on a continuous converting and refining process 
for producing sugar had shown promising results, 
and it was decided that production here would be 
fully continuous. 

Once again, almost visionary support by manage- 
ment was needed for a hypothetical and costly 
control project. For in addition to continuous con- 
version instrumentation, many other portions of the 
company’s processing were analyzed from the control 
standpoint for the first time—and findings here were 
designed into the Corpus system. Further, the deci- 
sion to make the investment was made prior to 
actual results from the Kansas City installation which 
went on-stream in the fall of 1948. 

System design for Corpus Christi required a com 
pletely new approach by the control group. Control 
modes had to be more versatile to handle the moving 
process stream, and new measuring techniques had 
to be developed to measure directly the chemical 
and physical properties of the product. 


Optimizing Control 


Success of the Corpus Christi installation was 
evident almost immediately after start-up early in 
1949. Here, for the first time in one of the com- 
pany’s plants, a complete process was conducted at 
optimum from a remote room without operator 
access to equipment. 

But when the control engineering group had left 
and plant operators were on their own, high hopes 
were shaken. Evaluation after a few months of 
operation indicated several plant areas where poten- 
tial gains were not being realized. In particular it 
was obvious that process operators were having a 
hard time translating measured information into 
action which would produce maximum benefit from 
the control system. 

Here a basic error in thinking was revealed. In 
keeping with the times, design of the installation had 
been made using conventional dial indicators and 
round-chart records, coupled mainly with both re- 
mote and local automatic controls. Study of usage 
of instrument devices on the panels showed that most 
attendants had difficulty in relating pen and pointer 
movements to actual dynamics of the processes they 
were trying to operate. 

In other words, we were faced with the uncom- 
fortable fact that our automatic control installation 
had been ideally designed from the viewpoint of 
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the instrument or process engineer, but not for the 
plant operator who had to make it work. It seemed 
possible that a similar error was prevalent since 
this installation was similar to many others through 
out industry. 

Thus loomed the basic question as to what might 
be done to change the accepted philosophy of auto 
matic control application. Should the system be 
designed to permit easiest interpretation by the 
operator—even at the expense of education and 
experience, which instrument engineers and design 
ers had so long believed important? Further, wouldn’t 
manual process operators facing automatic control] 
in the other plants have even more difficulty than 
the Corpus Christi men since they had to forget an 
old method of operation as well as learn a new one? 

Obviously the process attendant was really con 
cerned and interested in the plant equipment he had 
to operate. Hence a working solution might be to 
confront this operator with a flow-diagram of his 
process superimposed on the controls. 


Enter Graphics 


Using this basic idea a unique small installation 
was designed for the Pekin, Illinois, plant in which 
information shown to the operator was almost fully 
submerged in an outline of the process on the panel. 
True, other companies were also experimenting with 
the graphic approach at the time. But this Pekin 
system, we believe, went considerably further in its 
attempt to completely reorient the thinking of- the 
designer to the practical needs of the operator. 

To carry out our concept, we had to design several 
specialized, unusually compact instruments and de 
vices to fit the panel space. These were applied to 
show relation to the process, with minor controls 
hidden from the operator and important ones 
brought out in bold relief on the process diagram. 

This first graphic panel controlled a triple-effect 
evaporator. The operator—a veteran who had manu 
ally controlled the same equipment for 15 years 
now had to look at this new panel remote from 
the evaporator and attempt to run it. As it turned 
out, just thirty minutes of instruction at the board 
were enough to permit this operator to duplicate 
and exceed his past performance in the plant. 

Results with this initial Pekin panel were so 
encouraging that all five evaporating sets were placed 
under similar control. As had been anticipated, 
one man could easily operate all five evaporators. 
Closer operating tolerances and a sizable reduction in 
down-time resulted from the new system. 

Perhaps the most rewarding aspect of the graphic 
development, however, has been the drastic shorten- 
ing of the training periods for operators. 

Since the Pekin evaporator installation, the graphic 
technique has been explored and exploited on a 
variety of processes within the company and has met 
with success in every case. In recent years this 
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THE MAN ... 


Author Frost learned his engineering at Toledo Univer- 
sity, then got into the control field with Leeds and 
Northrup in 1937. He joined Corn Products in 1945 to 
develop a broad company instrumentation program. In 
1948 he became Head of Engineering Planning, and last 
year was made Assistant Chief Engineer. 


program has been greatly implemented by the many 
new miniature components offered by instrument 
manufacturers. 


New Concepts 

Experience with graphic pancls has generated 
interest in improved control in other than process 
areas in the plant. Recently, for example, a graphic 
approach has been applied in the sizeable boiler plant 
at Argo.* This system has just started to operate. 

* Details of this control installation will be presented in a paper, 
“New Concept of Control for a Steam Generating Plant,” by R. S. 
King to be given at the ISA annual meeting in Philadelphia in 
September. 

Eventually, it is expected, a single attendant will 
run a bank of six 250,000-lb-per-hr boilers from one 
central point. 

The decision to explore this unusual mode of 
boiler control actually stemmed from experience 
gained from a conventional control installation on 
two of the units a few years before. At that time 
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each boiler had its own control panel and a single 
operator. The control stations were in a noisy, hot 
area which induced personnel turnover. Optimum 
control was hard to achieve with unschooled _per- 
sonnel, 

A study of boiler operation by the control group 
suggested that, in so far as its control dynamics were 
concerned, steam generation was simply another 
process. Why not then view it as such in the control 
approach? 

Actually, the design developed for a boiler graphic 
turned out to be somewhat different from the con- 
ventional process approach inasmuch as minute-to- 
minute boiler intelligence was put on panels, and 
actual controls on a console—both in front of the 
operator. Most of the recorded information was 
put on panels behind the operator. This segrega- 
tion of recorders enabled one man in a central 
location to run all boilers without being encumbered 
with superfluous information. The chart records, 
of course, are invaluable in showing trends and for 
accounting. 

In order to convince operating personnel that the 
new approach would be successful, a small scale 
model of the control room was made, and this was 
supplemented by blown-up scale models of the actual 
indicating panels. Thorough study of these models 
was enough to convince management that the cost 
of replacing existing conventional control equipment 
on the boilers could be “written off” in favor of the 
gains that would come. 

A similar “fresh” look from the control standpoint 
is currently being given to many other normally 
unsuspect areas. For example, central stations for 
controlling materials handling and packaging are 
at this time under consideration. 





Five Steps to Success 


To all engineers who are putting an industrial 
process under automatic control author Frost 
recommends this five-point campaign plan: 
> Make sure you fully understand the process. 
> Avoid wasted effort by deciding beforehand what 
you want to control, how you want to control it, 
and what equipment you really need. 
> Take time to explain the new controls to oper- 
ating personnel so that they understand what the 
controls do and how to use them. 
> Follow up your installation with inspection to 
make certain the controls function properly and 
to correct any flaws that may show up. 
> integrate process design and control system at 
an engineering level. You can’t expect much 
benefit from merely hanging instruments on an 
existing process, like lights on a Christmas tree. 





Behind the Panel 


Prime mover in the company’s control program 
today is an instrumentation group in the Central 
Engineering Department comprised of five graduate 
engineers all with backgrounds in control engineer- 
ing. Members of this group have trained in chemical, 
mechanical, and electrical engineering—hence its 
make-up represents different research viewpoints. By 
working closely together, the men obtain both objec- 
tive and functional solutions for each problem. 

In the beginning only a few people at each 
plant were concerned with maintaining the relatively 
few devices then installed. And for the most part 
these were not separate organizations but merely 
part of other shops, such as electrical or mechanical 
maintenance. Needless to say, these individuals had 
little formal training in control and usually learned 
maintenance and “tuning in” the hard way. 

The few control engineers hired by the company 
after the war came from both instrument makers 
and users, and at first they had to work closely in 
operations to learn about company processes. As 
this group started to make more and more installa- 
tions, it became necessary to set up well-grounded 
instrument maintenance departments in each plant. 

Instrument maintenance at a plant level has 
grown significantly to keep pace with the many and 
variegated devices employed. This growth, however, 
has been given careful study to be sure that main- 
tenance costs were not excessive for the gains in 
view. ‘To date, it can be safely said, the cost of 
instrument maintenance facilities—including equip- 
ment and manpower—has been a small part of the 
actual return from instrumentation. 


Today’s Planning 


Now that solid values have been established, we 
occasionally find it necessary actually to combat over- 
enthusiasm in operating personnel who visualize in- 
credible gains in a blanket program of automatic 
control. Excessive instrumentation, of course, can 
be as detrimental as inadequate control. To hold 
this zeal at reasonable level, several groups within 
the company examine any proposed installation and 
judge whether it will produce significant savings and 
improvements. 

Opportunities for applying control equipment 
result from studies of existing processes, planned 
modernization programs, and construction of new 
facilities. Each potential application is carefully 
studied to make sure that (1) the newest techniques 
are being employed, (2) the gain from the proposed 
expenditure justifies the cost, (3) the equipment can 
be installed so as to provide the desired results with 
operating personnel who will be assigned, (4) the 
maintenance costs will be reasonable, and (5) the 
installation will be in keeping with any long-range 
program for that particular area. 
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TROUBLE SHOOTING IN ADVANCE BY 


Proper Wiring Design 


GERALD WEISS, The W. L. Maxson Corp. 


Inattention to wiring design is a common source of 
“bugs” that spoil otherwise expertly conceived con- 
trol systems in the low frequency band between 60 
and 1,000 cps. Here are some tips on how to avoid 
pitfalls by proper grounding, shielding and twisting. 


ONE REASON for faulty wiring is that an engineer 
has a tendency to think of wiring as merely a line 
on a schematic diagram. Actually, a wire is a piece 
of equipment with mechanical and electrical proper- 


ties. 
ance; similarly, 


capacitance and mutual inductance. 
other part of the system, wiring has to be designed. 
With proper design based on elementary electric 


It has resistance, capacitance, and self-induct 
a group of wires exhibits mutual 


Like every 


circuit theory, most difficulties can be anticipated 


and prevented. 


Today’s control systems use arrays of closely 
packed complex electrical equipment. Alternating 
current systems predominate, with the size of com- 





TROUBLE 


Effect of Pickup on 
a Synchro Servo 


THIS SERVO uses a two-phase induc- 
tion motor as the servomotor, a synchro 
control transformer as the response ele- 
ment, and a vacuum-tube amplifier as 
the servo amplifier. The motor drives the 
control transformer to a position where 
the torque on the motor produced by 
voltages Ewr and Ecr is just equal to the 
friction load of the motor. At the equi- 
librium point the voltage Es constitutes 
the static error of the servo. In the ab- 
sence of pickup, if the friction load is 
zero or if the amplifier gain is infinite, 
the static error Es is zero. For this ex- 
ample, assume the ideal conditions of 
zero friction load and zero static error. 
To determine the effect of pickup, 
introduce a stray coupling voltage, Ec, 
into the input side of the amplifier. Four 
conditions of frequency and phase can 
characterize this stray voltage. 
> IN-PHASE PICKUP—For this con- 
dition Ec has the same frequency as 
Es and is in time phase with it. Thus 
Ec plus Es equals e. The servo motor 
drives the control transformer to an 
equilibrium position where e equals zero. 
At that time the static error is no longer 
zero but equals minus Ec. For example, 
consider a 26-volt synchro with a gradient 
of 7.56 mv per min. With an in-phase 
pickup of 10 mv, the static error is 1.3 
min. 
>» OUADRATURE PICKUP—The stray 
voltage, Ev, has the same frequency as 
Is, and is in time quadrature with it. 
Assume the servo motor drives the con- 
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trol transformer to the angle where Fs 
equals 0. At that time the remaining Er 
is caused entirely by the quadrature pick- 
up, Ec. There are two possibilities de- 
pending on whether Ew, is in exact time 
quadrature with Es (assuming zero am- 
plifier phase shift). 

if Evr and Es are in exact time quad- 
rature, then Ec and Ewr are in exact 
time phase. The servo motor cannot de- 
velop torque and the equilibrium is un- 
disturbed. However, if the quadrature 
voltage is large enough, it will saturate 
the amplifier and reduce amplifier gain. 
This increases static error (in the pres- 
ence of friction) and impairs dynamic per- 
formance. For example, a 26-volt motor 
is driven by an amplifier which saturates 
at 26-volt output and has a gain of 260. 
A total quadrature input of 100 my will 
saturate this amplifier. Saturation also 
causes errors because of amplifier phase 
shift. 

In the more usual condition, Ev» and 
Es are not in exact time quadrature, but 
are out of phase by an angle B. The 
motor develops a torque and drives the 
control transformer off null. At the 
equilibrium position the static error, Es, 
equal Ec tan B. Thus if B equals 10 





————— 
e > Ecr 
a 








Servo 
vocuum fule 


omplifier | “Aduction 


| motor 
Output shoft J 


deg., Ec equals 100 mv and the synchro 
gradient is 26 volts per radian, the result- 
ing error is 2.3 min. 

» HARMONIC PICKUP-—If the fre- 
quency of Ec is a higher harmonic of the 
frequency of Es, then harmonic pickup 
can cause amplifier saturation in this type 
servo. It may also produce a harmonic 
torque in conjunction with harmonic 
components in the main motor field ex- 
citation voltage, resulting in a static error. 
This error is usually negligible, as can be 
verified by calculation. 

> MISCELLANEOUS PICKUP—Occa- 
sionally pickup is encountered that is of a 
frequency not related to the carrier or 
of a subharmonic frequency. This pick- 
up again tends to cause amplifier satura- 
tion. The most serious difficulties arise 
when the frequency of the pickup volt- 
age is close to the carrier frequency. The 
servomotor will then develop a torque 
pulsating at the beat frequency (the dif- 
ference of the frequencies of Eur and 
Ecr). For example, if the carrier fre- 
quency is 400 cps and the pickup fre- 
quency is 410 cps, the motor will develop 
a torque pulsating at 10 cps. This torque 
will cause the servo to oscillate at this 
frequency. Fig. 1. 





Design Tips for Wiring 

1. To avoid ground resistance coupling, 
the electrical design engineer should check 
for correct point-to-point wiring in addi- 
tion to checking the correctness of the 
schematic diagram. 


2. Proper grounding procedure requires 
that no circuit needs the chassis for conti- 
nuity. The chassis should be a unipoten- 
tial surface. For any one circuit, only one 
wire must be used for the tie to the 
chassis, since multiple connections cause 
ground loops and inductive pickup. 


3. To prevent inductive pickup, reduce 
loop areas by twisting. This costs nothing 
and should be done regardless of the 
magnitude of possible sources of pickup. 


4. To reduce capacitive pickup, shield the 
proper circuit elements. Indiscriminate 
shielding increases cost and capacitance 
and may do more harm than good. Pos- 
sible pickup should be estimated numer- 
ically and only critical circuits shielded. 


A schematic diagram does not necessarily show that 
resistive coupling may cause trouble. Point-to-point 
diagram, top, indicates that pickup can be prevented 
by removing lead bd and connecting c to d. Fig. 1 


Ll L2 +250v dc 
CSS ——9 0 — — — - 
a 





b 

8-minus 
250v dc 
pal) ae me me 


























ponents reduced to such an extent that the wiring 
constitutes an appreciable percentage of the total 
weight and volume. Dozens of wires with different 
signal levels are crammed together. The techniques 
presented here pertain specifically to ac servos, com- 
puters, and similar electromechanical equipment; 
however, they also apply to a wide variety of other 
measurement and control systems operating off low 
frequency ac supplies. 

In practice, a computer is carefully designed, built 
according to specifications, and then often found to 
be operating improperly. The static error of the servos 
is excessive, gain is low, and undesirable oscillations 
are observed. Measurements may show large quad- 
rature and harmonic voltages, excessive power supply 
ripple, and zero offsets in electromechanical compo- 
nents (resolvers, synchros, potentiometers). When 
a recheck of the design shows no apparent errors, 
the trouble can usually be traced to pickup in the 
circuit wiring. 

Pickup is a term for stray or unintentional cou- 
pling between circuits. By coupling is meant a 
voltage produced in one circuit because of a voltage 
or current in another circuit. Unintentional cou- 
pling is always unproductive and often harmful. 

Some of the effects of pickup on system perform- 
ance are illustrated in Figure 1. Here a simple syn- 
chro position servo is subjected to in-phase pickup, 
quadrature pickup and harmonic pickup. ‘This 
example does not consider the source of the pickup 
voltage, the only object being to show the effect of 
the frequency and phase characteristics of the 
pickup on servo performance. 

Other types of circuits will react differently to 
pickup, and as a system is builtup from many 
elements, there may be interaction between them. 
But regardless of the complexity of a system, the 
effects of pickup can be calculated. The basic con- 
siderations involved are enumerated in Figure 1. 

The criteria for maximum allowable in-phase error, 
quadrature voltage, and harmonic voltage are set up. 
Components are selected whose characteristies fall 
within these allowable limits. Usually the component 
errors consume all of this allowance, and no tolerance 
remains to take care of pickup in the wiring. Then 
if the system is wired incorrectly and pickup is 
appreciable, the total allowable error is exceeded and 
system performance is unsatisfactory. Stray coupling 
can be divided into three classes: resistive, inductive, 
and capacitive. 


Resistive Coupling and Grounding 


Resistive, or conductive, coupling occurs when sev- 
eral circuits are physically connected and share a 
common resistance. For example, when two vacuum 
tubes are supplied from the same B-plus supply, the 
power supply is common to both plate circuits. This 
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can result in the effect known as motorboating. 
There are various methods of decoupling the B-plus 
supplies, and motorboating can easily be prevented. 
Since resistive coupling can be recognized on a 
schematic diagram, troubles caused by this circuit 
arrangement should be rare. However, uninten- 
tional resistive coupling is actually encountered quite 
often, particularly in ground circuits. 

Three circuits involving unintentional resistive 
coupling are shown in Figures 2, 3, and 4. The cir- 
cuit diagram of Figure 2) shows a 250-vde power 
supply designed to operate off a 208-volt, 3-phase, 400- 
cps source. The allowable ac ripple was limited to 
50 mv, and filter components L1, Cl, L2 and C2 
were designed accordingly. On assembly and test, ex- 
cessive ripple in the 250-vde supply caused trouble. 
When the power supply was isolated and the ripple 
voltage measured, it was found to be 250 mv or five 
times the allowable. To obtain more filtering, the 
capacitance C2 was increased. Instead of decreas- 
ing, the ripple increased. Examining the point-to- 
point wiring, it was found that the B-minus side (or 
ground side) was connected as shown in the lower 
part of Figure 2. The ac return current of the recti- 
fiers, flowing through the resistance of wire be, was 
adding ac ripple to the de output. By removing 
wire bd and connecting c to d, the ripple voltage 
dropped from 250my to less than 30myv. 

Top of Figure 3 shows a plug-in amplifier for a 400 
cps servo motor. The open loop gain of the ampli- 


fier was calculated to be at least 100,000. Prototype 
units indicated, however, that the gain was too low, 


ranging from 30,000 to 70,000. The trouble was 
traced to the connector. ‘To save one connector pin, 
a common pin had been used for the ground return 
of both the input and the output. The output cur- 
rent through the contact resistance ab developed a 
voltage that was opposite in polarity to the input. 
This constituted negative feedback and caused a de- 
crease in gain. The resistance varied from unit to 
unit, causing a variation in gain from amplifier to 
amplifier. When the connector was rewired, as 
shown in the lower part of Figure 3, the gain was 
satisfactory. Note that it is permissible to connect 
a to a’, or b to b’, but not both. No current must 
flow in the connection; it serves merely as an elec- 
trostatic tie. 

Figures 2 and 3 illustrate ground resistance cou- 
pling between the input and output of the same 
circuit. Another common situation is ground resist- 
ance coupling between two or more unrelated cir- 
cuits. Figure 4 (top part) shows a power circuit and a 
signal circuit, both part of the same instrument. 
Their ground returns connect to the common chassis 
at different points. By redrawing the circuit, Figure 
4 (middle), it can be seen that the two circuits share 
a common resistance, namely the chassis. The blower 
current causes a voltage drop cd in the chassis that 
is coupled into the signal circuit, resulting in incor- 
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Grounding of amplifier input and output through 
common connector reduces pin amplifier gain because ot 


negative feedback to input. By grounding through 
separate pins, gain is not affected. Fig. 3 
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A signal and a power circuit are connected as shown 
in the middle diagram when they are assembled in an 
instrument. This causes pickup in signal circuit since 
the chassis is required for continuity. Proper grounding, 
shown at bottom, eliminates pickup since chassis serves 
as a unipotential electrostatic shield. Fig 4 





rect operation. ‘The proper method of grounding 
is shown at the bottom of Figure 4. Here each circuit 
has its own return, with the low side of each circuit 
connected to the chassis at one point. No current 
flows in the chassis since the chassis serves merely as 
a unipotential electrostatic shield. Also no current 
flows in the ground wires ab and cd; they are merely 
electrostatic ties. 

One of the major reasons for many of the problems 
involving resistive coupling is the lack of a clear 
definition of what constitutes a ground. For ex- 


ample, in a typical large airborne fire control system 

the following pieces of equipment were all called 

“ground”. 

> The frame of the airplane. 

> The metal frame of the various boxes housing the 
fire control system. 

> The neutral of the 3-phase, 400-cps aircraft supply. 


> The negative side of the 28-vdc aircraft supply. 

> The common of a 2-phase, 400-cps precision supply 
that was part of the system. 

Phe “low side” of the signal supply. This was 
the second phase of the 2-phase supply mentioned 
above, after passing through a filter and step-down 
transformer. 

The B-minus side of the computer power supply 

and the B-minus side of the radar power supply. 

The “low side” of more than a dozen signal and 

computing circuits, after passing through trans- 

formers, synchros, resolvers, or tachometers. 

Electrical equipment is connected to earth to 
insure the safety of the operating personnel and to 
reduce proximity effects. Generally only one point 
of any given circuit can be exactly at earth potential; 
however, this point should be selected so that as 
much of the equipment as possible is close to earth 
potential. This can usually be accomplished, since 
most circuits are made up of cascaded T and zx sec- 
tions. ‘These types of four-terminal networks have 
no series elements on one side (the “low side’). 
Therefore, this whole “low side” of the circuit is at 
approximately the same potential. One point on 
this side is then connected to earth, or grounded. 
If this is done incorrectly, coupling can result. 

To avoid ground resistance coupling inside of a 
singie circuit (as in Figures 2 and 3), care should 
be taken that no wires are unintentionally made 
common to both input and output. 
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Chossis 


GROUND Loop, and_ consequently 
pickup, resulting from interconnection of 
two circuits. Loop cdgfc is broken by re- 
moving lead fg. This causes some resistive 
coupling; however, this is not as undesir- 
able as the ground loop, and can be made 
negligible by using sufficiently heavy wire 
for leads cd and dg. Fig. 6 
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TYPICAL GROUND LOOP caused by improper 
grounding. Loop area abcda is reduced to zero by twist- 
ing; however, loop area abefa still exists. Pick-up stops 
when either ground connection is removed. Fig. 5. 


When a system contains several uncoupled elec- 
trical circuits, each circuit must be complete in 
itself and no circuit should require any portion of the 
chassis for continuity. One and only one point of 
each such circuit should be connected to the chassis 
by a single wire; in addition, the chassis should be 
connected to the earth or to the frame of the build- 
ing or vehicle in which it is located. 

When coupling is unavoidable, for example, when 
two or more circuits must be connected together at 
their ground sides, no ground current should flow 
through the chassis, and the chassis must not be 
required for circuit continuity. In such applications, 
the wire size of the common ground leads should be 
large enough to keep the resulting IR drop at a 
negligible value. Paralleling ground leads may help, 
but care must be taken to avoid “ground loops,” as 
discussed later. 

Where an instrument has more than one electro- 
static tie to the chassis, all ties should be run to the 
same point on the chassis. ‘This guards against cir- 
culating chassis currents and ensures a uniform 
chassis potential. The electrostatic ties should be 
easily removable to facilitate trouble-shooting. 


Inductive Coupling and Ground Loops 


When a closed electrical loop is placed in a mag 
netic field, a voltage is induced in this loop equal to 


_d¢g 


dt (1) 
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THE MUTUAL CAPACITANCE between two wires, (left), causes pickup 
voltage E, to be induced in the signal line as a result of the proximity of the 
high voltage line. This pickup can be prevented by wider spacing of the wires 
and by proper shielding, (right). Fig. 7 


where ¢ is the total flux linking the loop. If the 


flux density is B, the voltage is 


* ds 


where s is a unit vector normal to the surface S, 
and S is the surface bounded by the loop. The 
induced voltage is proportional to normal compo- 
nent of flux density and to area of the loop. 

The flux, ¢, the source of the pickup, is produced 
by current flowing in wires or by imperfectly shielded 
inductive devices, such as transformers and motors. 
The magnetic field produced by a current I flowing 
in a closed loop is proportional to the current and to 
the area of the loop. Thus, inductive pickup de- 
pends on the current in the source of pickup and 
its loop area, the area of the circuit in which pickup 
occurs, and the spacing of the two loops. The pick- 
up voltage is independent of circuit impedance. 
Low impedance circuits are, therefore, just as sensi- 
tive to inductive pickup as high impedance circuits. 

Three steps can be taken to reduce inductive 
pickup to tolerable levels: shielding, wider spacing, 
and reducing loop areas to zero. 

Shielding against magnetic fields at the power 
frequencies requires the use of shields constructed of 
high permeability magnetic materials. Eddy-current 
screening is not effective above the audio frequency 
range. Thus to shield a pair of wires from an external 
magnetic field, run them inside a conduit made of 
Mumetal or similar materials. Although this is im- 
practical, this method is sometimes used to shield 
transformers and other inductive devices. 

The spacing between the sources of pickup and 
the sensitive circuits can be increased to only a 
limited extent. For example, filament and grid leads 
to the same tube must necessarily be fairly close to 
gether. Where possible, coupling can be reduced 
by running such wires at right angles to each other. 
Similarly, transformers close to each other should 
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be mounted so that their cores are at right angles. 

Loop areas can be reduced to zero or to near zero 
by running the two wires that make up the two sides 
of a circuit coaxially, closely parallel, or twisted. 
Coaxial wire is best, but twisted wire is cheaper and 
usually adequate. It is possible to estimate the 
amount of inductive pickup from Equation (2); 
however, since the remedy—twisting—costs practi- 
cally nothing, the calculations are unnecessary and 
are seldom carried out. 

It is important to twist the right leads. ‘The crite- 
rion is that the loop area becomes zero or that the 
algebraic sum of the currents in the twisted set of 
leads equals zero. Most inductive pickup arises 
from a failure to observe this rule, or a failure to 
recognize a loop area. The most common form of 
mistake is the ground loop. ‘This results from too 
many ground connections. 

A simple ground loop is shown in Figure 5. The 
circuit is connected to the chassis in two places, at 
the generator and at the grid. ‘The loop area abcda 
is correctly reduced to zero by twisting. However, 
there still exists a loop abefa. Flux ¢ linking with 
this loop induces a voltage between grid and cathode 
of magnitude: 


- Rie dg 
Ec -( a + a ) dt (3) 


The pickup voltage depends on the flux variation 
and on the resistance division (or current division ) 
between the ground wire and chassis. The ground 
loop can be broken by removing either of the chassis 
connections, thus preventing pickup. 

Ground loops can arise from the interconnection 
of two or more circuits. In Figure 6 a voltage source 
feeds two amplifiers in parallel. The B-minus wire 
of the power supply is connected to the low side 
of each signal line, at points d and f. ‘This forms a 
loop cdgfc, with consequent pickup at the grids of 
both amplifiers. The loop can be broken by remoy 
ing one of the B-minus leads, say lead fg. ‘The plate 
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CARE must be taken to shield the complete line. In 
this diagram only the high impedance signal line is 
shielded. Thus mutual capacitance C3 may cause pick- 
up at the grid. Fig. 8 


driven from two signals in series, one of high imped- 
ance and the other of low impedance. If only the 
high impedance signal line is shielded, there will be 
pickup at the grid because of capacitance C3. The 
complete circuit must be shielded. 

When a shielded circuit terminates in a trans- 
former, the transformer winding must also be 
shielded, Figure 9. In these circuits, the trans- 
former stepdown is so large that the primary wiring 
needs no shield. The transformer interwinding 
voltage E¢ is induced in the signal line. The cou- 
pling impedance 1/2 xfC (where f is the line fre- 
quency) is normally much larger than the signal 
line impedance C. The approximate value of the 
pickup voltage is 

Ec = j2xfECZ (4) 

Thus the capacitive pickup depends on source 
voltage, frequency, mutual capacitance, and circuit 
impedance. 
impedance circuits. When the circuit impedance 
is resistive, the pickup voltage is in time quadrature 
with the source of the pickup. 

Voltage, frequency, and signal line impedance are 
known. Mutual capacitance can be estimated. It 
is then possible to estimate the amount of pickup 


This pickup is most important in high 


that is to. be expected and to decide in advance 
whether remedial action is required. 

To prevent capacitive pickup, the mutual capaci- 
tance must be reduced or made ineffective. Wider 
spacing can accomplish reduction, but equipment 
size is a limitation. The remaining mutual capaci- 
tance can be made ineffective by shielding the wires 
with a thin metallic foil or braid, shielding either the 
source of the pickup or the sensitive circuit. The 
right side of Figure 7 shows the signal line shielded. 
Since the capacitive coupling between the two cir- 
cuits is effectively broken, no capacitive current flows 
and the pickup is zero. If the shield is not grounded, 
it is completely ineffective. 

The most serious drawback of shielding, aside 
from its cost, weight, and handling expense, is that it 
increases the wiring capacitance and may throw 
this capacitance in parallel with the load. Thus in 
the right side of Fig. 7, C2 is in parallel with C. In 
high impedance signal circuits this can cause a signi- 
ficant change in voltage and phase. In addition, the 
shield capacitance can change with temperature and 
age. Because capacitance across power circuits is 
generally not so harmful, it may be prefezable to 
shield the source of pickup. 

Occasionally shield capacitance is neutralized by 
special techniques; for example, by double shielding 
or by driving the shield from the signal source itself 
through a cathode follower amplifier. ‘These tech- 
niques usually require additional equipment and are 
therefore not generally economical. In most in- 
stances the designer faces the fact that a simple 
shield around the signal circuit itself is the only 
feasible remedy. Shielding must then be held to the 
barest minimum, and the signal circuits must be de- 
signed to tolerate the shield capacitance and the 
expected shield capacitance changes. 

In shielding a line, it is necessary to shield the 
complete line including everything that is resistively 
coupled to it. Figure 8 shows an amplifier that is 
capacitance will, however, cause pickup in the 
secondary. In Figure 9 at right, the entire trans- 
former is shielded, and in turn the shield is grounded. 
This prevents pickup through the interwinding 
capacitance. 


DIAGRAM at left shows a transformer with only the secondary wiring shielded. Using 
this method, the transformer interwinding capacitance, C3, can cause pickup. Proper tech- 
nique is shown at right, with transformer windings shielded and the shield grounded. Fig 9 
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What They Do: When the amplification 
in an ac feedback system exceeds a critical 
value, the system breaks into ruinous oscilla- 
tion. The solution is to install a circuit, called 
an ac stabilizing network, that predicts prob- 
able system error. It squelches or boosts ampli- 
fier output in time to forestall oscillation. 
Result: stability. Frequency response is the key 


to analysis of the network. As in this drawing, 
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the modulating signal is shifted ahead and 
attenuated. 


AC Stabilizing Networks 


ALFRED D. GRONNER, American Machine & Foundry Co. 


How to Choose Them: 


Practice follows these three simple steps: 

1. Consider the modulation as a de signal. 

2. Go through the design of the control system to 
determine the necessary frequency response of the 
stabilizing network to the modulating signal. 

3. Then use the selector table at the end of this 
article to figure the values of circuit parameters. 


Theory: The action of direct-current prediction net- 
works is relatively easy to analyze and visualize. 
Moreover, the design of such networks is well cov- 
ered in standard servomechanism texts, together 
with convenient charts and formulas. The princi- 
ples are briefly reviewed here as a logical approach 
to the design of the equivalent alternating-current 
networks. The circuit diagram, transfer function 
and frequency response of a typical dc rate-sensitive 
network are given in Figure 2. The output voltage 
is a rough prediction of the input voltage at a time 
r seconds in the future. The term ———~ indicates 
(1+arp) 

a delay in presenting the prediction. Apparently, 
the smaller « is, the smaller the delay. But the 
transfer function also shows that a decrease in a 
reduces the magnitude of the input signal. A com- 
promise is indicated. a is commonly set equal to 
149. Prediction networks have additional properties, 
such as their tendency to emphasize higher har- 
monics, but these are not considered here. 

In a block diagram, ac and de servomechanisms 
appear to be identical. 

The instantaneous amplitude of the dec signal is 
directly proportional to the quantity measured. In 
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ac systems, however, the signals are modulated 
carrier waves whose peak values correspond to the 
quantity measured. The carrier envelope must be 
operated on by the rate-sensitive network to develop 
a prediction. The networks described do this. 
Equation 2 represents the signal applied to an ac 
network: 
e; = E (cos wm) (coswe) (2) 
where E = maximum amplitude of modulating voltage, 
®m = modulating frequency, 
we = carrier frequency. 


Equation 2 expands to: 
P 


q = + [ « (we + wm) t + cos (we — on | (3) 


The network’s transfer function to the carrier is 
G,; the transfer function to the modulating signal 
is G,. Applying the ac signal to the network, the 
output voltage becomes, in complex notation: 


- R.{ G.| 5 + on) | €j (we + wm)t 


+ G, ita — wm) ice - wn)tt 


In properly adjusted networks, 

G.[j(we + wm)] is very nearly equal to its conjugate, 
G, [j(we — wm) }. 
Therefore we represent: 


G.[j(we + wm) |] by the vector AeiA 
and G,[j(w. — wm) ] by the vector Ae~i@ 


Then equation 4 becomes: 


E \ J9. (we + wm)t 


: —jO j(we — wm) t 
“ae R, < Ae je + Ae .e 


E Jl (we + wm) t + 8] jlwe— wm) t — 0 
R, Ae je + Ae 


9 





@ 
awit 
ej 


(1+ 7P) Eq.! 
(iItatP) 
Re 


where T= #,C and &= 
R, +Re 
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The prediction network attenuates low frequency signals, 
passes high frequency signals, unattenuated. Over a 
finite range of frequencies, the output leads the input. 
Maximum phase lead is a function of 2, increasing as 
a decreases. 


cycles / second 


Returning to the trigonometric notation: 


, 


EA J 
5 ) 


which reduces to: 


Cos [(we + wm) t + 0] + cos [ (we — wm) t — 6] 


€> = EA COS wet * cO8 (wmt + 8) (5) 
Since the input signal to the network is E (cos Wnt) 
(cos w,t), the network has effectively shifted the 
phase of the modulation by the angle @ and has 
attenuated its amplitude by A. The network oper- 
ated only on the modulation. 

Then 


Gm (j wm) = Ge [J (ws + wm) | = Ac?” 


In Figure 3 the frequency response of the network 
is shifted from its center about the carrier frequency 
to a center about zero frequency. The result repre- 
sents the frequency response to the modulation. 
Note the similarity between the frequency response 
characteristics in Figure 2 and in Figure 3. 

Application to Specific Networks 


An approximation is devised to obtain the transfer 
function of an ac lead network equivalent to its de 
counterpart: 

jm ae J eae 

= 6) 
The design formulas of the resonant lead network 
shown in Figure 5 are derived as an example. ‘The 
LC circuit is tuned to the carrier frequency, «,. 
l 
LC 
The network transfer function, G, 
lated: 


Therefore w = 
(jm), is calcu- 
1 
joL+ jwl 


ej jeL:+ 1 
jC 


R, 
R, T R, 
which factors to 

L [w.? + (j w)? 
@ : j@ J ahs R: 
J 
Lil we + (7 w)?| 
jw 
‘Transforming with equation 6 we get the transfer 
function G» (j@») for the modulation: 


+R, + R, 


2j Wm L + R; 

2j wm L + Ri, + R, 
R, 

R, + R, 


Gm Q Wm) = 


Defining ; = - and = a= 


2L 
R, 
we obtain 

(1 + ¢J wm) 


Gm(j am) =a — : 
tieediaie (1 + a7] wm) 


The design formulas of other ac lead networks 


in Table 1 are derived by a similar transformation. 


Frequency response of a resonant ac stabilizing network. Fig. 3. 
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ROUND-UP: 12 WAYS OF 


Generating Control 


For the first time these circuits have been classified by function so 
that the control system designer can determine at a glance the basic circuit, 


principle of operation, performance equation, and frequency response. 


Background: 


A flexible set of control tools that will handle all 
conditions of regulation and stability must be able to 
generate three types of control functions (or com- 
binations of them). The functions are: Proportional- 
position, where the output signal is proportional to 
the actuating signal; Reset (or integral), where the 
output signal is proportional to the time integral of 
the actuating signal; and Rate (or derivative) where 
the output signal is proportional to the rate of change 
of the actuating signal. The combinations of these 
functions most commonly used are 


> Proportional-position 

> Proportional plus reset 

> Proportional plus rate 

> Proportional plus reset plus rate 


In pneumatic control systems these control actions 
are generated by feeding back the output signal or 
modifying the actuating signal. Feedback may be 
lagged or direct, negative or positive, depending on 
the specific circuit and on the desired function. 


Typical Example 


Figure 1 shows a typical force balance controller 
with negative feedback of the output pressure. 

When resistance is used in the feedback circuit 
(R unequal to zero), the feedback pressure lags be- 
hind the output pressure after a sudden change in @ 
This causes P to increase an amount proportional to 
the change in 6 plus an amount proportional to the 
rate of change of 6. In response to a sinusoidal signal 
the output pressure P leads the input signal 6 by a 
definite phase angle depending on the value of the 





Diaphragms 


Differential 
“ orea A, 





Displacement sensing 


s- device 
\4 — © 





, 
on <«R 


Ps 


Effective orea Az 


Typical pneumatic control circuit using delayed nega- 
tive feedback to generate rate action. Fig. 1. 
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= controlled variable P; = feedback pressure 
reference input P = output pressure 
equilibrium value of P and P; when 6 = 86, 
= differential area acted on by @ and 6 
= area of feedback diaphragm 
R = variable resistance 
C = capacitance associated with P; 


An increase in 6 frora the equilibrium value will cause 
the diaphragm assembly to move down. This throttles 
the flow from the displecement-sensing device, increas- 
ing the output pressure P and feedback pressure P,. 
The force on area A, balances the forces on differential 
area A,, so that the new value of P is proportional to 
the increase in 6. Thus the static equilibrium equation 
can be written, 


(@ — 0,)Ay — (Py — P.)Ag = €A2(P — P.) (1) 


where ¢ is a small number. If P is zero, P; = P, and 


equation (1) reduces to 


P — P, Ay 1 | A , 
0=6, As [ -/" As’ (2) 


the equation for a proportional-position controller. 
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resistance, R, and capacitance, C. For practical 
purposes these pressures obey the relationship 
(P = P.) _, 7, — Pr 


where T = RC, a constant with time dimensions. 
Substituting the expression for (P,;—P,) from 
Equation (3) into Equation (1), 


(1+ )(P — P.) + rt (P — 2.) = 

Ai n @ _ ) 

A: (@—6) +7 di (0 — 4 (4) 
In operational notation, 


P-P._ Ai 
0-) 


A: (+ Tp) 
Az; (i + eT’p) 
By comparing this with Equation (8) it can be 
seen that 
T = rate time = RC, 
a = 1/e, a large number when e is small 


‘Lhis demonstrates how rate action is obtained in 
a pneumatic circuit by delayed negative feedback. 
Material on following pages shows a variety of pneu 
matic circuits that use internal feedback to generate 
this and other combinations of control functions. 


General Performance 


Here are the general performance equations and 
frequency response plots for pneumatic circuits that 
generate the four basic combinations of control func- 
tions. High frequency terms are left out of these 
equations so that they describe performance some- 
what below the cut-off frequency, f,. In the fre- 
quency response plots M is the ratio of the amplitude 
of the output signal to the amplitude of a sinusoidal 
actuating signal. 

Figure 2 is a composite diagram whose foundation 
is the frequency response plot of a proportional-posi- 
tion controller. Addition of reset action to the con- 
troller adds the portions shaded in red. The gray- 
shaded portions are the result of including rate action 
in the controller. 


The generalized equations follow: 


Proportional-position 


ary a. 
6—0, Bae 

= proportional band 
controlled variable 
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Functions Pneumatically 
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6, = reference input 
6 — 6, = actuating signal 
Aé@ = full-scale range of controlled variable 
P, = output pressure when actuating signal is zero 
P = output pressure 
AP = full working range of output pressures (12 psi 
for example). 


Proportional Plus Reset 


P-P. aP 1+ U/p : 
. 2? whe : ff (6) 
6— 6, Bad 1 + bU/p 

reset rate, the number of times the proportional 
effect is repeated per minute. 


where U 


b = small number (Its value may or may not 
change with the value of B). 


p = Heaviside operator 


Proportional Plus Rate 


P--P, . aP 1+ Tp 
¢6—9%9% Bao} 1+ Tp/a 
where 7’ = rate time, minutes or seconds 


a = large constant depending on controller design 


Proportional Plus Reset Plus Rate 


P—-P, AP U/p + + Tp 9 
“@—-0@  Badt 60; pt+ + Tp/a 7) 
References 

Aikman, A. R. and Rutherford, C. I., “The Characteris- 
tics of Air-Operated Controllers.” 
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What Computers Promise 


Exciting new applications, many experimental, inflate the dreams of en- 


gineers and laymen alike. But a desperate need has arisen for men 


who know computers and have the imagination to capitalize on them. 


DAVID RUBINFIEN, Armour Research Foundation 


GIANT DIGITAL comPuTERS, handling an increasing 
share of office work or solving overwhelming tech- 
nical problems, are often compared with regiments 
of clerks wielding pencils or battalions of engineers 
brandishing slide rules. The analog computers, 
steadily finding new jobs in process control, are 
likened to human operators with the eyes of Argus 
and the limbs of a millipede. 

Comparisons of this sort are generally misleading. 
Computers are information processing devices. ‘They 
perform long series of elementary logical and arith- 
metical operations on information wna condense it 
to useful forms. As such, computers complement 
man’s deductive processes. Merely equating their 
speed with human bustle gives computers both less 
and far more than their dee. Mechanical and elec- 
tronic “brains” cannot compete with the human 
mind’s scope, capacity, flexibility, or adaptability. 


A Look Back 


The two species of computer—analog and digital— 
evolved along separate lines, which are now con- 
verging. Apart from such isolated exarnples as Bab- 
bage’s Difference Engine (1812) and _ Kelvin’s 
mechanical Differential Analyzer (1876), computer 
history begins with the punched-card office machines 
of 60 years ago. They worked digitally; that is, bit- 
by-bit, as a man does arithmetic. 

The scientific manpower shortage of World War 
I] demanded machines that could handle routine 
but rather complicated calculations. Thus, out of 
desperate necessity, were born the Bell Labs com- 
puters, Harvard’s Mark I, the Eniac, and the Edvac. 
Each of this new breed of increasingly fast digital 
machines spent much of its early life grinding 
out ballistics tables for the Armed Forces. They 
solved humdrum problems at superhuman speed. 


Analog computer history is shorter. ‘The first 
modern machine to achieve unqualified success was 
Dr. Vannevar Bush’s differential analyzer, built at 
the Massachusetts Institute of Technology more 
than 20 years ago. Like the early digital machines, 
Dr. Bush’s anz ilyzer was a general- purpose problem 
solver. But the analog computers that followed 
during the war developed as components in control 
sv stems. Pioneer examples were the computers which 
helped the M-4 (mechanical) and M-9 (electronic) 
antiaircraft gun directors track enemy planes. 


A Look Around 


Today, well-rounded computer ceuters use analog 
machines to simulate physical relationships in order 
to bypass lengthy calculations. Automobile manu- 
facturers, for example, have applied analog computers 
to such problems as engine crankshaft vibrations, 
design of valve systems, improved carburetion tech- 
niques, power-aided steering, spring and shock ab- 
sorber systems, and overall road stability. 

In the aircraft industry complete airplanes have 
been set up on elaborate electronic analog machines 
to simulate the aerodynamic phenomena, the instru- 
ments, and the automatic controls. In some in- 
stances, experienced pilots “fly” experimental 
aircraft in the computer laboratory in order to include 
the human responses which govern flight behavior. 
The pilot manipulates regular ; aircraft controls which 
are linked so that the computer mimics a real plane’s 


‘responses. With the snap of a switch, the computer 


operator can subject the “plane” and its pilot to 
theoretical gusts, air pockets, component failures, 
and other hazards of flight. Hundreds of systems 
designs can be tested without ever going to the 
shop or subjecting humans to real danger. 

For designers of automatic control systems, com- 


"One can visualize entirely new and different production 
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AUTHOR RUBINFIEN is  Chicago-borm, 
-trained, and -employed. The mathematics he 
learned at Illinois Tech led him to Armour, 
where he has been head of the Foundation’s 
computer work since its start in 1949. He now 
concentrates on computer applications rather 
than development, and also on operations re- 
search. The service rendered by his computer 
center leads him into many fields, including: 
weapons evaluation, flight systems, guided mis- 
siles, machine tool control, utilities network 
planning, and automatic packaging machinery. 


puters have a special interest. Take, for example, 
the design of a chemical pilot plant—normally a 
costly procedure. A highly refined mathematical 
model is relatively easy to set up in an analog com- 
puter, which can swiftly examine the effects on 
control of such factors as amplitude and phase 
response, drift, noise, stability, and various non- 
linearities. 

Recently one of our large progressive midwestern 
oil companies concluded a series of such computa- 
tions on a proposed petrochemical plant. The analog 
computer “built” a large-scale refinery with question 
marks regarding the speed of response of several 
dozen onkuenabie control valves and the settings of as 
many manual valves. 

Were the speeds of the various controllers limiting 
factors? And what were the optimum settings for 
valves so the plant would meet the process require- 
ments? Many hundreds of variations in operating 
conditions were simulated. These tests put the auto- 
matic valves through all their paces. Needless to 
say, more than half of these situations produced 
either catastrophic “explosions” or other less dra- 
matic system failures. ‘The remaining group outlined 
a set of operating bounds. within ‘which the con- 
trollers could work effectively. Simultaneously, a 
wide range of set points had been checked out to 
meet the many vessels’ pressure and temperature 


requirements and the flow rates prescribed by the 
chemical engineers. 

How does a computer perform as a component 
in a contro] system? And what are the properties 
that suit it to each application? 

The control engineer working in the process indus- 
tries is familiar with pneumatic relays which add, 
multiply, integrate, and take ratios, averages, and 
square roots. Such relays are actually computers, 
whose functions are analogous to the actions and 
interactions of the process. 

But now the engineer is trying to capitalize on 
the higher precision, immense capacity, and ulti- 
mately lower cost of digital computers to regulate 
industrial processes. Here the computer’s task is to 
scrutinize and integrate perhaps hundreds of vari- 
ables; for example, the pressures, temperatures, and 
fluid flows in the piping and interconnected vessels 
of a petroleum refinery. Instantaneously and untir- 
ingly, the computer must comprehend changes in the 
system, correlate their effects, and without faltering 
issue the necessary commands for keeping the process 
under control. 

The computer that does this work must be fast; 
it must have the capacity to consider many varti- 
ables; it must be flexible enough to handle manv 
situations; and if it is to maintain the process at 
an optimum level, it must be able to reproduce its 
decisions with great precision. 

The principal justification, then, for using a com- 
puter within a contro] system is its ability to process 
vast amounts of information sequentially through 
well-defined relationships with extreme speed and 
consistency. But this computer does not replace a 
simple-minded oaf. Rather it substitutes for a man, 
or staff cf men, with tremendous memory capacity 
and the ability to correlate and organize data into 
highly complex relationships. ‘These men nowadays 
read instrument charts, interpret their meaning into 
over-all process performance, and adjust controls to 
keep this performance as close as possible to optimum 
levels. They make countless decisions and rely upon 
a vast store of information accrued through long 
experience with the process. 

In terms of replacing men, the present-day com- 
puter is equal to the task in only a very limited 
area. In particular, it surpasses men where a mere 
multiplicity of extremely elementary operations is 
required. Where the governing relationships in a 
process are extremely complex, ill defined, or even 
impossible to define, the computer cannot begin to 
compete with its human counterpart. In its ability 
to remember past situations of any complexity and 
to recall them in order to meet new situations, the 
computer's speed and memory capacity again fall 
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very short of that required for adequate control. 
As far as flexibility goes, the ability of a computer 
to extrapolate from the “images” it retains to new 
situations is again limited by the complexity of 
the extension to be made. The same quality of 
sequential operations, even at very high ratio of 
speed, cannot compare to man’s essentially simulta- 
neous processing of streams of sensed information. 
Although computers might conceivably be designed 
with a higher degree of such parallel operation, 
they might well prove immediately uneconomical. 
At best, one might expect a computer to perform 
over very limited ranges of variation in complex 
svstems and to be supplemented by human control 
outside of these ranges. But this same limitation 
holds true for every control application today—there 
is the physical stop or limit switch or alarm bell 
that demands human attention to the process. 
Reproducibility—which often means accuracy— 
is the computer’s shining quality in process control 
and similar applications. Returning to the petroleum 
refinery and its multiplicity of controls, the human 
operator cannot be expected to arrive at the opti- 
mum settings every time. The same quality which 
makes man flexible enough to meet a range of emer- 
gencies seems to cause him to handle a situation 
a little differently each time it arises. If he is expert, 
he sets the controls cleverly and the process operates 
well. That is the best he can expect to do. The 
computer, in contrast, handles a given set of con- 
ditions in precisely the same way each time it arises. 
Only a computer, therefore, can convert optimum 
operating conditions from a goal to a reality. 


Digitals Enter Control 


There are today numerous “closed-loop” applica- 
tions where the digital computer is equal to its task 
and is rapidly being adopted. Many of these again 
lie in military applications. Digital computers have 
been designed for fire-control systems, flight con- 
trols, engine controls, etc. The translation from 
less precise analog devices to digital devices in each 
of these was readily achieved. In industrial applica- 
tions, digital control has been employed to a more 
limited extent in inspection systems and less directly 
in production control. 

In such “closed-loop” applications as process con- 
trol, a computer compares what is happening with 
what should be happening, and issues commands 
to bring the process into line. 

In an essentially different way, computers are being 
used in “open-loop” applications. The earliest such 
applications have been to machine tool control in a 
half dozen widely publicized devices, including the 
MIT tape-programmed vertical mill, Arma Corpora- 


tion’s ArmaMatic lathe, and the Lewis Flight Propul- 

sion Laboratory turbine-blade lathe. In each of 
these the control quality exploited is flexibility. Each 
machine is used in a job-shop sense. It must turn 
out a variety of products, and conversion from one 
product to another is simply a matter of program- 
ming. In some instances the actual program is 
prepared in advance and fed to the machine, whereas 
in others the computer is an integral part of the 
device and only a small set of instruction: 

Here again the computer’s innate capacity for 
generating and storing vast amounts of information 
is of great importance, and again reproducibility of 
results to very tight tolerances is imperative. Our 
concern with comparing the computer to a human 
operator must creep into the “open-loop” situation 
too. Here the “optimum” programming, for example 
in the machine tool operation, is derived from 
extensive human experience. Cutting speeds, depth 
of cut, temperature, and knowledge of tools, ma- 
terials, and products are the joint knowledge of the 
tool engineer, the set-up man, and finally the oper- 
ator. The extrapolations from this knowledge 
necessary to meet new problems again poses an 
overwhelming challenge to the computer. But the 
need for flexible and reproducible programming 
makes this a welcome challenge. Although the 
machine tool industry is reticent concerning its 
trade secrets, extensive development work along 
these lines is undoubtedly under way. 


A Look Ahead 


What does the future hold for computing ma- 
chines in the control field? Considering the short 
span of ten years during which electronic digital 
machines have been developed and the slightly 
longer history of analog machines, their applica- 
tions have already produced remarkable effects. The 
straightforward use of these devices in computation 
for engineering purposes is indispensable in major 
laboratories throughout the country. Certainly this 
application will expand as more men are trained 
and more machines become available at reasonable 
prices. 

New and widespread applications for analog com- 
puters in direct simuiation, both with and without 
other hardware components, are bound to develop 
for both design and operational training purposes. 
Almost anyone who has had an opportunity to work 
with analog computers quickly becomes conscious 
of the highly realistic “feel” one develops for the 
analogued problem. 

Among applications of computers for control in 
“closed-loop” systems, the immense problems of 
continuous flow processes and distribution systems 
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Various Applications 


Flexibility: Can it change programs easily? 


Accuracy: Is it consistent? 


Speed: Does it process information rapidly? 


Capacity: Can it handle lots of complex information? 


Computations 


Flexibility 


DIGITAL 
Unlimited 


ANALOG 


Extensive 





Accuracy 


Unlimited 


Limited 





Speed 


High 


High 





Capacity 


Extensive 


Limited 





Usefulness 


Very wide 


Data Handling 


Flexibility 


Unlimited 


Increasing rapidly 


Limited need 





Accuracy 


Limited only 
at input 


Limited 





Speed 


Limited by input 


High 





Capacity 


Moderate 


Moderate 





Usefulness 


Simulation 


Flexibility 


Limited by input 
and storage in 
many applications 


Need may be small 


+ 


Wide for small 
problems 


Need may be small 





Accuracy 


Limited at input 


Adequate 





Speed 


Very limited 


High 





Capacity 


Moderate 


Extensive 





Usefulness 


Limited by speed 


Closed-Loop Control 


Flexibility 


Need may be small 


Wide 


Need may be small 





Accuracy 


Unlimited 


Limited 





Speed 


Inadequate for 
many applications 


Inadequate for 
complex problems 





Capacity 


Inadequate for 
many applications 


Inadequate for 
complex problems 





Usefulness 


Limited by lack of 


formal understand- 


ing of processes 


Open-Loop Control 


Flexibility 


Unlimited 


Limited in 
large processes 


Limited 





Accuracy 


Unlimited 


Limited 





Speed 


Moderate 


Limited in 
special cases 





Capacity 


Extensive 


Adequate 





Usefulness 


Being widely 
pursued 





Wide for 
small problems 


from the human operators.” 
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appear outstanding. The application of digital com- 
puters to centralized scheduling of power distribu- 
tion has been widely discussed in the industry. In 
this instance as in almost all others, both the tech- 
nical demands of system loading and the economic 
variables of power source costs must enter into the 
contro] relations. Considerable efforts are being 
expended in the analysis of the engineering and 
economic factors, and their ultimate reduction to 
usable mathematical terms insures the final use of 
high-speed computers. 

The more complicated problem of continuous 
process control in refinery or chemical processes 
requires similar extensive study. Although the com- 
puter may be inadequate for wholly replacing the 
human operators in such processes, the machine 
may “learn” certain responses from the human oper- 
ators and then improve on these differentially. Once 
again, the possibility exists of seeking out and sub- 
sequently reproducing optimum configurations in 
the control pattern. 

A similar “learning” process has been applied to 
at least one open-loop machine tool control device, 
the General Electric experimental record-playback 
engine lathe. Here the skilled lathe operator goes 
through his usual steps in both setup and control 
of turning a single piece. His every action is recorded 
on inagnetic tape. For subsequent pieces the tape is 
played back and identical operations are performed 
without the operator. Such a system offers many 
opportunities for extension. An elementary error 
computer operating with the operator’s initial pro- 
gram, tool replacement data, and inspection data 
may correct itself throughout any length of produc- 
tion cycle and still lend itself to highly flexible 
operation. Today such a tool as the General Electric 
lathe should have infinite applications in the back- 
ward areas of the world where skilled labor is at a 
premium. Carrying the concept to its logical ex- 
treme, factories equipped with such automatic de- 
vices could “create” new factories. 

For the distant future one can visualize entirely 
new and different production systems based on 
computer applications and programming techniques. 
With general-purpose programmed tools such prob- 
lems as replacement parts inventories may be radi- 
cally altered in nature. The field distribution depot 
in such a case may become a small plant operating 
with a “punched card” deck to produce replacement 
parts as they are needed. 

Perhaps the most important obstacle to more 
rapid application of these new techniques derives 
from the shortage of people highly skilled in the 
use of computers. To date military applications 
have absorbed the efforts of many of the best-trained 
and most experienced technicians. As more people 
are trained and if, more happily, skilled men may 
concentrate their full talents on peacetime pursuits, 
the promise may be fulfilled. 





Operating Principle 


Remarks 


Cost Range 





ORIFICE 

Differential pressure across re- 
striction i: proportional to square 
of flow rate. 


Inexpensive. Fits between 
standard flanges; h from 
<l'to5 


Device plus transmitter: 
$350-$450 in sizes up to 
8” diameter. 





VENTURI 

Differential pressure across re- 
striction is proportional to square 
of flow rate. 


High pressure recovery. Met- 
ers suspended solids. Suitable 
for extremely large capacity. 


Device plus transmitter: 
$600-$1200 in sizes up 
to 8” diameter; short 
cones. 





AREA METER 

Constant differential, variable 
area. Position of bob is calibrat- 
ed against flow rate. 


Self-contained. 


Device plus transmitter: 
$350 - $800 in sizes up to 
4” diameter. 





POSITIVE DISPLACEMENT METER 
Shaft rotates at a speed propor- 
tional to flow rate. 





Measurement highly accurate. 
Self-compensating for tem- 
perature. Operating head as 
high as 20 psi. 


$100-$3,000 in sizes up 
to 8” diameter. 





VELOCITY METER 

Turbine in Venturi section rotates 
at a rate proportional to flow 
rate. 


Low pressure loss. Satisfactory 
for temporary overloads. Sub- 
tracts reverse flow. 


$200- $500 in sizes up to 
8” diameter; add $200 
for pilot valve. 





ELECTROMAGNETIC FLOWMETER 
Conductive liquid induces an 
e.m.f. proportional to flow rate. 





No pressure loss. No viscosity 
or density effects. Linear cali- 
bration. 





Device plus instrument 
containing power sup- 
ply: $1,500 up to 4” 
diameter. 








What's Available Today For 
Proportioning Liquids 


AUTOMATICALLY 


LAWRENCE LOWY 


B-I-F Industries 


THE GIST: As process engineers replace outmoded 
batch manufacture with continuous processing, they 
look to the control engineer for new ways to mix 
liquids automatically, accurately, and cheaply. 
Proportioning liquids by volume is generally cheaper; 
by weight can be more accurate. Before deciding 
which of the many proportioning schemes to adopt, 
the engineer must ask: “What kinds of liquid am I 
handling? What accuracy do I insist upon? And 
how much am I willing to spend?” This article 
describes commerciaily available equipment that can 
handle the job and points up the factors the engineer 
should weigh before he makes his decision. 


Accurate proportioning is vital to every continuous 
chemical process. Whether ingredients are com- 
bined in a chemical reactor or blended in a me- 
chanical mixer, they must be fed into the process 
in the proper ratio. 

The engineer who designs the proportioning equip- 
ment must first know the form of the ingredients. 
Then he must select equipment that will meter 
and feed them within specified tolerances. His aim 
is to minimize three factors 1) handling, 2) con- 
version of material from one state to another, and 
3) cost. 

The mechanical controller in Figure 1 illustrates 
the application of feedback control to continuous 
proportioning. Primary and secondary feed rates are 
measured and converted to mechanical rotation in 
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WAYS TO PACE FEEDERS 


ELECTRIC PNEUMATIC MECHANICAL 











| THYRATRON & MOTOR | VARIABLE SPEED | pot vatve _| 
TRANSMISSION 
ADJUSTER [ 




















| REVERSING MOTOR | 





SELSYN | 


| CLUTCH SOLENOID STROKE ADJUSTER | | DIFFERENTIAL | 
































| CONTROLLER | | controiter | 














v vy 
Continuously variable Continuously variable Rotation 
y voltage or pressure + voltage or pressure 











vy 


T ° 
pi } intermittent rotation y Displacement : Modulated A-C voltage 














Y Position Velocity Alternating pressure 
Velocity 


Operating Principle Remarks Cost Range 
POT FEEDER 
Differential across restriction Low cost; simple. Used where Less than $150. 
carries contents of pot into main proportioning is not critical. 
line. 




















DECANTER 
Swing pipe or outlet line is low- Low cost; simple. Less than $250. 
ered into solution tank at re- 
quired rate. 

















PLUNGER PUMP 
Fluid displacement is constant for Suitable against high pressure. $200 to $1,500. Higher 
each stroke of reciprocating Adjustable rates. Accuracies of prices for extremely high 
plunger. =1%. Negligible slip. discharge head. 





DIAPHRAGM PUMP 
Fluid displacement is constant for Suitable against high pressure. $200 to $1,500. Higher 
each stroke of diaphragm. Adjustable rates. Accuracies of prices for extremely high 
=1%. No slip. discharge head. 





FLUID DRIVEN PUMP 


A fluid alternately applied to Stroking speed constant. Con- $1,000 to $2,000. 
either side of drive piston pro- stant clearance-volume. 
vides stroking. 





LOSS-IN-WEIGHT 
Balanced tank scale poise re- Accuracy of 1/4% by weight, $5,000 to $15,000. 
tracted at desired rate. independent of temperature, 
density, viscosity. 
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Sanctions opposite directions. ‘lhe primary feed rate measure- 

rototion ment is corrected by the ratio that is to be main- 
Differential . . ae ‘ 

spider ~. tained between the two feeds. The rotation thus 

developed is the command, or set point, for the 

secondary feed. Deviation from the set point, 

indicated by unbalance in the speeds of the two 

f gears, makes the spider move in the direction of the 

faster gear at a rate proportional to the unbalance. 

CI The spider shaft actuates a feeder control device 

directly or with the aid of intermediate power 

Pacing amplification. By cascading geared differential pro- 

rotation portioning controllers, a multiplicity of ingredients 

are proportioned. Where such a feeder as a positive 

a displacement pump can hold an accuracy within 
Command r 

{ fabian one per cent, the feedback measurement of second- 

ary feed rate is often eliminated. 














ee 





‘ 
Liquid Proportioning 


Geared differential proportioning controller. Fig. 1 

Probably the simplest and oldest automatic pro- 
portioning liquid feeder is the pot type illustrated 
in Figure 2. The pot is preloaded with lump or 
brick chemicals which dissolve slowly and at a steady 
rate. An orifice or similar restriction in the primary 
flow line develops a head proportional to the square 
of primary flow. As long as the secondary flow sys- 
tem also follows the square law, the secondary flow 
is uniformly proportional to primary flow. The 
setting of the control valve determines the fraction 
of primary flow which is diverted through the pot. 
“Sediment Given a brick chemical with a steady-rate solubility, 

trop the pot feeder maintains a feed of secondary chemi- 
cal in definite ratio to primary flow. ‘The method is 
straightforward but not too accurate. Chemicals 
with steady-rate solubility are not very prevalent; 
channeling of the bed may occur; high feed rate 
demands an excessively large feeder; corrosion or 
build-up on the orifice and control valve alter the 
Pot feeder. Fig. 2 proportion of the secondary feed. 








Secondary flow 





Liquid Meters 


Table 1 lists volumetric liquid meters. ‘The dif- 
ferential developed across the orifice or venturi is 
applied to a float-in-mercury instrument, an expand- 
able bellows, or a force-balance device. ‘The square 
root of the differential is transmitted pneumatically 
or electrically to pace secondary feeders. Differential 
meters are not particularly suitable for viscous liquids 
or slurries. Changes in specific gravity require com- 
pensation, and deposits on the edges of orifice plates 
introduce errors. Despite these specific drawbacks, 
the differential meter is extremely useful. 

Viscosity and pressure variations change the 
volumetric efficiency of the displacement meter be- 
cause of the clearances between moving parts. 














Liquid Feeders 








Flexible hose The swing pipe or decanter feeder sketched in 
Figure 3 is simple. A tank of chemical solution is 
Decanter feeder. Fig. 3 equipped with a weir or swing pipe which is lowered 
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at a rate proportional to the pacing signal. ‘The 
tank can be equipped with an agitator when hand- 
ling a slurry. An outside weir box overcomes the 
errors produced by the resulting wave action. The 
system operates only on gravity feed. 

The positive displacement plunger pump is 
probably the most dependable liquid volumetric 
feeder. A pump, typical of those built by recognized 
concerns in the field, is shown in Figure 4. Capaci- 
ties range from a fraction of a cubic centimeter per 
minute to 50 gallons per minute. Delivery is varied 
by controlling the stroking frequency or by adjust- 
ing the plunger stroke length. The calibrated cross- 
head guide indicates stroke setting. Normally the 
pumps are guaranteed to maintain delivery within 
one percent of setting over a ten-to-one range. Flow 
pulsations produced by the reciprocating plunger are 
reduced by surge changers or by proper timing of the 
strokes of two, or even three, pumps. The parts of 
the pumps in contact with the feed fluid are avail- 


able in special metals, rubber, plastic, or ceramic. 

A diaphragm replaces the solid plunger in the 
pump exhibited in Figure 5. Elimination of chemi- 
cally-inert packing is the chief advantage of this unit. 
The diaphragms are made of neoprene or rubber. 
Recently, plastic and special metal alloys have been 
used effectively. 

The pneumatically or hydraulically powered meter- 
ing pump illustrated in Figure 6 is a modification 
of the motor-operated pump. Alternate admission 
and discharge of air or oil through ports A and 
B oscillates the driving plunger or diaphragm. A 
reciprocating pilot valve (not shown) directs the 
flow of actuating fluid. Driver motion is limited 
by stop C, set for zero to maximum stroke by the 
micrometer-threaded shaft running from the stop 
to the handwheel D. A counter geared to the shaft 
reads stroke in increments of one-hundredths of 
an inch. Dashpots with adjustable ports smoothly 
cushion the driver at the end of each stroke. An 
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Decanter feeder. Fig. 4 


Positive displacement plunger pump. Fig. 5 


Positive displacement diaphragm pump. Fig. 6 
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Water treatment system. Fig. 7 


inert fluid seals the chamber between driver end 
and reagent end to prevent exposure to air and the 
consequent corrosion or build-up on the plunger. 

Crank-driven and fluid-driven metering pumps 
have a basic difference: the ratio of total displace- 
ment volume to clearance volume varies in the 
former as stroke is changed but remains constant in 
the latter. A fluid-driven unit is unaffected by low 
frequency; each stroke is made at the same speed 
regardless of frequency. Because viscosity alters time 
required to fill the cylinder, the stroking speed must 
not be so fast that the plunger starts to withdraw 
fluid before the cylinder is full. 

Figure 7 shows the application of proportioning 
equipment to the treatment of water with lime slurry 
and soda ash. The proportioning pumps are the 
pneumatically-powered type shown in Figure 6. 'The 
pilot valve is oscillated at a frequency proportional 
to the measured flow of untreated water, causing the 
pumps to stroke at the same frequency. The propor- 
tions of lime slurry and soda ash to water flow are 
independently adjusted by setting the driver stops. 


Gravimetric Liquid Feeding 


A continuous gravimetric feeder performs four 
basic operations: The feed material is suspended in 
a hopper, supported on a weighing platform, or car- 
ried on a traveling belt. The suspended load is sensed 
and transmitted by a scale lever system. Load devia- 
tion from set load is counteracted to maintain the 
system in balance. The balancing force activates the 
control element that paces the feed. 

Figure 8 shows how a gravimetric feeder adds 
tetraethyl lead to gasoline. The principle is appli- 
cable to any liquid proportioning problem which 
demands extreme accuracy. 

The complete contents of a railroad tank car con- 
taining 8,500 to 15,000 galons of TEL are pumped 


to a horizontal tank standing on a scale platform. 
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Proportioning of TEL to gasoline. Fig. 8 
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Levers connect the platform to a scale head which 
provides an accuracy of one pound in 10,000 pounds. 
A variable-speed drive determines the ‘TEL ratio, 
not more than three cubic centimeters per gallon 
of gasoline. Through a clutch the drive rotates a 
finely threaded poise-retracting screw. A gasoline 
flowmeter transmits to the clutch an intermittent 
electric signal, of 0 to 13.3 seconds duration every 
15 seconds. In this way the poise retracts a distance 
proportional to the gasoline flow in each 15-second 
interval. As the poise travels back along the screw, 
the scale beam unbalances. A linkage at the tip of 
the scale beam senses the unbalance and responds 
by altering the output air pressure of a controller. 
The pneumatic signal is applied to a diaphragm 
motor valve located in the TEL suction line. Fol- 
lowing a retraction of the poise, and beam unbalance, 
the valve opens, lightening the tank and re-establish- 
ing null balance. The sensing and response are so 
rapid that an extremely smooth movement takes 
place when the gasoline flow varies. 

The equipment in actual operation has provided 
a finished product having an accuracy of plus or 
minus 0.008 cubic centimeters TEL (by chemical 
analysis) per gallon of gasoline for doses of 0.5 to 3 
cubic centimeters per gallon. 

This same arrangement is used in continuous pro- 
duction of soap detergent. Oleum, fatty oil, and 
glycerine are all fed by weight on the same loss-in- 
weight device described. But there is no time out 
for loading every time a weigh tank runs down. In- 
stead, there are two scale-mounted tanks, each having 
sufficient capacity for a four-hour run. The tanks 
are shifted by a lever arm when one is nearly empty. 


In the October issue of Conrrot ENGINEERING Mr. 
Lowy will cover equipment for the automatic propor- 
tioning of solids. 
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NEW TECHNIQUES FOR 


Hydraulic Servo Design 


Because of their low weight-to-power ratio, high speed of response, 
and reliable performance, hydraulic position-control servos with 
cylinder type actuators are used as the main power amplifiers in 
many control systems. Here is a new way to determine basic 


design parameters. 
JAMES M. NIGHTINGALE, Manchester, England 


DESIGN PARAMETERS FOR hydraulic position-control 
servos with cylinder-type actuators can be divided 
into roughly two groups, those that relate to overall 
system response, and those that affect stability. In- 
vestigation of the latter involves a thorough dynamic 
analysis of the unit and its mountings. Since this is 
often a difficult task and the results are not always 
reliable, it is usual to leave certain parameters for ad- 


justment, so that the unit can be tuned under actual 
operating conditions. 

In contrast, a designer can at an early stage deter- 
mine factors affecting the main operating character- 
istics by ignoring such destabilizing effects as fluid 
compressibility and dynamic output loading. The 
material presented here deals primarily with these 
basic factors, although the physical realization of cer- 


Typical Applications of hydraulic servo amplifiers. Fig. 1 


Automobile power steering—V ickers Inc. (below, top) 


Hydraulic valve positioner—General Regulator Corp. (center) 
Machine tool contouring system—Turchan Follower Machine Co. (below, bottom) 
Aircraft control surface actuator-—The Glenn L. Martin Co. (right) 
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Three closed arrange 

valve-cylinder nant a In (A) the valve 
opening is a direct measure of error, while in 
(B) the opening error relation o— on 
the ratio of the differential levers. Fig. 2 
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Flow variation as a function of error and 
operating pressure. Linear zone is bounded 
by maximum valve opening and by pressure 
corresponding to maximum and no-load 
conditions. Fig. 3 


Output displacement over full stroke of 
cylinder as a function of time for one load 
condition. Piston moves at constant satu- 
tated velocity until valve starts to shut. Fig. 4 











tain stability conditions will be discussed briefly. 

Figure 2 shows two typical closed loop arrange- 
ments of a slide valve-cylinder combination. The use 
of negative feedback, either directly or through a 
linkage connection, ensures accurate input-output 
relations, with the swamping of inherent nonlineari- 
ties and also with suitable stability characteristics. 
Power amplification is large, since the force accom- 
panying the input or command displacement need 
overcome only the axial slide-valve forces. The slide 
valve can take on various configurations; two being 
the cylindrical construction (as shown) and a bal- 
anced plate type construction in which the axial 
forces are negligible. 

In the unit shown in Figure 2 (A), the valve 
opening is a direct measure of error since the com- 
mand displecement, X,, directly actuates the valve 
stem and since the feedback is one-to-one, with the 
valve and cylinder bodies moving an amount equal to 
the output displacement. 

In Figure 2 (B), the error-valve opening relation- 
ship involves lever ratios, with the relative movement 
and feedback ratios depending on the ratio 1, to 1,. 
The results developed here for the design shown in 
Figure 2 (A) also apply generally to the units using 
the lever differentials. 

Contrel systems using this kind of hydraulic servo 
amplifier are common in industrial and military 
equipment. Although the specific requirements of 
certain systems may add to or modify these basic de- 
signs, the fundamental operating principles and de- 
sign factors still apply. Typical applications shown in 
Figure 1 include automobile power steering, a valve 
actuator, a machine tool contouring system, and an 
aircraft control surface actuator. 

In power steering, rotation of the steering wheel 
supplies the input displacement to the valve, while 
the output displacement positions the tie rod. 

The valve actuator consists of two hydraulic servo 
amplifiers in series, the initial signal being a hydraulic 
pressure proportional to desired valve position. The 
first amplifier output displacement drives the second 
amplifier slide valve, which in turn supplies oil to the 
main-valve cylinder to position the main valve. This 
is similar to the units shown in Figure 2 (B), since 
input and output displacement are compared by 
means of a linkage differential. 

The contouring system guides a tool in accordance 
with the shape of a template. The slide-valve stem is 
spring loaded against the template, causing the tool 
carriage to follow the correct contour as the axial feed 
drives the input follower along the template. 

In the last application, the pilot actuates the slide 
valve by means of mechanical links and cables from 
the control stick in the cockpit. The amplifier sup- 
plies the power required to position the control sur- 
face in accordance with his commands. 

The unknown parameters that must be determined 
are cylinder area, working pressures, pump delivery, 
valve travel, and port area. These unknowns can be 


CONTROL ENGINEERING 





SEPTEMBER 


expressed in terms of known quantities that are fixed 
by the requirements of a specific application. These 
fixed quantities are system pressure, cylinder stroke, 
maximum cylinder load, and various operating times. 
Usually the unknown quantities are expressed as 
lumped parameters rather than as separate factors. 
To determine the cylinder area, A, a suitable maxi- 
mum operating differential pressure, P,,, must be 
chosen. For reasons to be discussed later, P» is usually 
fixed at 3P,. Then 
1a fe . Me 
i P., 2P, 
Assuming that the flow through the valve varies 
linearly with valve opening, flow can be expressed 


by 
Coe [ P.— P. |” 
nile [ 2 | 


In other words, the flow is equal to the square root of 
half the total pressure drop across the inlet and ex- 
haust ports times the product of the flow coefficient 
and the area of opening of the inlet (or exhaust) 
port. For a wide range of hydraulic fluids and orifice 
shapes C can be taken as equal to 100, if the quanti- 
ties in Equation 2 are expressed in English units 
(Ib-in.-sec). 

The flow variation with error and operating pres- 
sure is shown in Figure 3. From this diagram two 
important points can be noted: 

> The flow varies with operating pressure and 
hence with output load. For a no-load condition, the 
differential pressure, P,, across the piston is zero (ne- 
glecting friction) so that the flow is a maximum for 
any given error. When the cylinder is driving the 
maximum load, the differential pressure, P,, equals 
P,, so that the flow under this condition is a mini- 
mum for a given error. 

> For maximum valve opening the flow saturates. 
In terms of response this means that when the valve 
is only partially open, the unit is error-sensitive, but 
when the valve is fully open, the output moves at a 
saturated velocity that varies only with output load. 

The linear response region in Figure 3 extends to a 
point where the error equals the maximum valve 
opening, E. Beyond this point the flow is saturated 
and depends entirely on operating pressure and load. 
The saturated flows range from Q, for no load to 
O,, for full load. 

Figure 4 shows a plot of time vs. cylinder stroke 
for one load condition. Starting at one end of the 
stroke (assuming that the valve opens instantaneous- 
ly), the piston will traverse the saturated flow zone 
(total stroke X minus maximum valve opening E) 
at a constant velocity in a time T,. The velocity de- 
creases in the linear zone as the valve closes so that 
a total time T is required to travel full stroke. An 
increase in load will decrease the slope of this curve 
(decrease saturated velocity), thus increasing the op- 
erating time, while a decrease in load will increase 
the slope (increase saturated velocity). 


(1) 
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NOTATION 


xz:—input displacement. 
z,—output displacement. 
e—error (valve displacement). 
E—maximum valve displacement. 
a—valve port area. 
E,—static deflection under full load. 
a,—exposed port area corresponding to EF. 
A—effective cylinder piston area. 
X—cylinder stroke. 
F,,—maximum cylinder load. 
P,—cylinder differential operating pressure. 
P,,—maximum differential operating pressure. 
P,.—minimum pressure in cylinder. 
P,—system pressure. 
Q—flow from valve tending to displace cylinder. 
Q,—saturated flow. 
Q,—saturated flow under maximum cylinder load. 
saturated flow with no cylinder load. 
"m—operating time under maximum cylinder load. 
operating time with no cylinder load. 
creep time. 
system time constant. 
jack stiffness. 
-valve stiffness. 
N—bulk modulus of fluid. 
A,—area of bleed hole in piston. 
K—amplifier gain. 
p—Laplace operator. 
C—Valve flow coefficient. 
w—frequency. 
wn——resonant frequency of system. 
M—amplitude ratio at resonant frequency. 





Within the error-sensitive region, the system equa- 
tions consist of Equation (2) and the following two 
relationships. 


€= 2% — 2X (3) 


dz, Q 
aeseaA (4) 
These can be combined to give the overall transfer 
function 
Lo 1 
zm  1+T.P ©) 
Variation of operating times with ratio of maximum 
operating to system pressure. Optimum P,, is selected 
to equal # P,. Fig. 5 


Variation of operating times with ratio of maximum 
operating pressure to system pressure. Optimum P,, is 
selected to equal 7 P,. Fig. 5 








where the system time constant, T 


e, can be expressed 
by 


E. 


cal P, ; 


Assuming that the time required to traverse the 
linear zone, E. i in Figure 3 is twice the time constant, 
then the total operating time for a half-cycle of full 
cylinder travel (full stroke in one direction) is ap- 
proximately given by 

T =T,+2T, 
and from Figure 4 


: 


T, = 


From Equation (6) 
2EA 
Qs 


aT, 


Substituting these equations in Equation (7 
proximate total time can be expressed by 


_ AX E : 
T = “O. E <<. | (8) 


where QO, is the saturated flow for any given differen- 
tial pressure P, and is given by 


> » Ww 
@.= cal P25 P| 


), the ap- 


E quation ($) shows that by reducing the ratio of 

valve opening to total cylinder stroke, E X, the ca- 
pacity of the pumps required to give a specified 
operating time can also be reduced. Common design 
values of E/X range from 1/20 to 1/30. Using these 
alues the output can be considered saturated over 
the entire stroke, resulting in a nonharmonic fre- 
quency response for all frequencies exceeding a criti- 
cal value. This wave distortion, caused by constant 
velocity following in the saturated range, is usually 
less important than power economy and, if desired, 
the critical frequency can be fixed above the normal 
operating frequency of the whole system. 

The operating time varies with the differential 
pressure across the piston and is shorter under a no- 
load condition. Thus, for maximum load where P, 
equals P,, 
an F,, X 


e ee 
caPa| P. = Ps | 


and for a no-load condition where P, equals 0 
AX Fy»AX 


o ) 
Cars. [ fe if 


Rewriting T’,, as a function of y in Equation | (9), 
where y equals P,,/P, and similarly expressing T’, 
a function of y in Equation (10). 


Tm =- 
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The variation of T,, and T, with y or P,, is shown in 
Figure 5. A logical procedure is to minimize the 
operating time under the greatest cylinder load; that 
is, to make oT, /dP,, or OT ,,/dy equal to zero. This is 
equivalent to making the sensitivity (defined as the 
ratio of output power to valve port area) a maximum 
when operating against the greatest output load. This 
vields an optimum value of y equals 2/3 or P,, equals 

3P,. This is the value used in the previous calcu- 
lations. 

Having determined an optimum value for P,, it is 
now possible to calculate the valve port area from 
Equation (10). This relationship is used since 
usually T,, rather than T,, is specified. Solving this 
equation for the port area gives 
3F,,.X _ 0.02F,,.X 


= 1/2 — T7.P 3/2 
2c| $+] P.T, 


Maximum flow is encountered under a 
condition and can be expressed by 


é¢= 


no-load 


SF mX 


2P,T (14) 


If the pump is a constant delivery type, means must 
be provided to by-pass any excess flow back to the 
reservoir. 

All of the basic quantities have been determined 
except for the valve travel, E. This parameter con- 
trols not only the width of the error-sensitive region, 
but also the frequency response within this zone. If 
the input in the overall transfer function, Equation 
(5), is a sinusoidal displacement, then under a no- 
load condition a flat-band frequency response is ob- 
tained up to a frequency 


= . x eps (15) 
°" ST. \ Er} ’ 


Therefore, if w and T, are specified, the ratio E/X 
can be determined. As previously stated, typical val- 
ues obtained in this way vary between 1/20 and 1/30. 
An undistorted response with little attenuation or 
phase lag can be obtained for inputs given by 


es a a 
%= rsin( 3 r) 


under a no-load condition, and by 


i mn. 
z=E sin ( E r=) 


under a full load. 

A summary of relationships that can be used to 
determine the basic design parameters is given in the 
following table. 
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SUMMARY OF BASIC EQUATIONS 





Equation No. (1) (13) (14) (15) 





Determines Cylinder Valve port Maximum Valve 
ares area saturated travel 


flow 





Equation 3F mn 0.02F,,.X 3F',.X 4 
Aes e056 Cerne Box 
2F. T..P,3/? arate 2rwl', 





Controls Operating Operating Required om 
pressure time pump in linear 
delivery zone 





Factors Affecting Stability 


Certain parameters associated with the flow char- 
acteristics of the unit can be adjusted to limit de- 
stabilizing effects both inside the amplifier and in 
the control system as a whole. However, as a first de- 
sign approximation, only compliances within the unit 
itself need be considered. There are three important 
parameters: the stiffness of the cylinder, the stiffness 
of the valve and the amplifier gain. 


The flexibility in the cylinder is almost entirely 
caused by fluid compressibility, its stiffness being 
2AN 
kz _ xX (18) 
Since in practical systems there is a certain amcant 
of air suspended in the oil, the bulk modulus, N, of 
the hydraulic fluid is a function of pressure. For this 
reason it is important to keep the minimum jack 
pressure fairly high. This minimum pressure, P,, is 
given by 


(19) 


so that P,, should not be too high. The figure P,, 
equals 2/3P, (already established for minimum oper- 
ating time under maximum load) is usually satis- 
factory. For example, if P, equals 3,000 psi, then P, 
equals 500 psi. At this value, N is usually about 200, 
000 psi which establishes k, at a high enough level in 
Ib per in. to have limited effect on system stability. By 
means of small leakage paths on either side of the 
valve lands, Figure 6, a base pressure is maintained 
on both sides of the piston even under a no-load con- 
dition. 

The stiffness of the valve, when O = 0, is given by 


dP, 
be = (20 
} ( de ) ) 


or the load on the cylinder required to move the 
valve a unit length is equal to the change in cylinder 
load, AdP,, divided by the corresponding change in 
valve displacement, de, for a no-flow condition. ‘lheo- 
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Fig. 7(a) Fig. 7(b) 


Neutral leakage past valve lands maintains base 
pressure on both sides of piston even under a 
no-load condition. Fig. 6 

Hydraulic potentiometers. Valve overlap shown 
in (A) is unsatisfactory because of variation of 
flow with temperature. Use of bleed hole in 
piston, (B), and modified valve characteristic 
is better. Fig. 7 


Exposed port oreo 


Valve displocement.e 


Modified valve displacement versus port area 
characteristic used with bleed hole in piston 
to reduce creep time, Fig. 8 


Modified flow curve obtained with valve char- 
acteristic shown in Fig. 8. Note reduced flow 
with displacement region, F:, at each end of 
valve stroke. Fig. 9 


Max. saturated flow 
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Error (valve displacement ),e 





Amplifier gain; K 


— M=30 
/ ... Operating conditions | 


Unstoble 
region 


Valve stiffness, k, 


Plot of K-K, plane showing quiescent operating condi- 
tions superimposed on the stability characteristics of 
system. », represents the resonant frequency of system 
and M the amplitude ratio at resonant frequency. 


Fig. 10 


retical stability considerations lead to the criterion. 
ke < kz 


This can be explained physically as follows. A change 
in load tends to shorten the column of oil in the 
cylinder. The valve must then open sufficiently, be- 
cause of cylinder displacement, to allow a differential 
pressure to built up in the cylinder to balance the 
change in load. Failing in this, the valve would over- 
compensate the cylinder displacement, further com- 
pressing the fluid column and setting up a self-main- 
tained oscillation. Thus valve stiffness must be less 
than cylinder stiffness to permit proper compensation 
for changes in loading. 

From Equation (18) it can be determined that 
under full load the unit will deflect at least an amount 
E, which can be calculated as follows 


Fn _ 24N 
EB, x 


kz 
Substituting 
F ¢ 
 Y Pm = 2/3P, 


from Equation (1), the following result is obtained 


E, = af (21) 
This is the static deflection, which may be exceeded 
under a fluctuating output load. Output flexibility 
can be serious from the viewpoint of system stability 
with respect to a varying output load; however, it is 
unavoidable. Its destabilizing effects can be reduced 
by limiting the so-called creep velocity with which 
the cylinder connects for change in load. 
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Valve flexibility can be obtained by the use of a 
hydraulic potentiometer, Figure 7, which causes a 
slow change in valve resistance at the beginning of 
the valve stroke and consequently a low creep ve- 
locity. The use of valve overlap, Figure 7 (A), is 
not satisfactory, partly because of the variation of 
flow with viscosity and hence with temperature. For 
the unit with a piston leak, Figure 7 (B), a low 
creep velocity is obtained by modifying the flow char- 
acteristics of the valve, which hitherto have been 
assumed linear. This can be done if the valve port 
consists of a group of small holes that are exposed to 
give an exposed port area varying with displacement 
as shown in Figure 8. The steady flow loss obtained 
with the piston leak design is several times smaller 
than that resulting from overlap. 

Equating the steady flow through the valve (caused 
by valve opening to area a, as a result of static deflec- 
tion E,) and through the bleed in the piston under 
full load leads to the following expression for the 
area of the hole in the piston 


os 1/2 
A, = af 5P _ | 


The time required to creep under maximum load 
depends on the area a;, according to the relation. 


(22) 


a = ~ P.*T, 
rp V3 NT. (23) 
In practice T, is about equal to T,/2, and therefore 
the unit attenuates for fluctuating loads at frequen- 
cies near the normal operating condition. Use of the 
relation T, equals T,/2 yields 


oa. » & 
—- 20.35 


ER = E (24) 
which together with Equation (21) defines the curve 
of modified valve port area versus displacement, Fig- 
ure 8. Figure 9 shows the flow versus error curve 
for this condition. 

The last of the three parameters, amplifier gain, 
controls the relative rather than the absolute stability 
of the unit. It is defined, when P, is a constant, as 


. 1 (2% 
k-4(%) 


or amplifier gain represents the change in piston 
velocity with a change in valve displacement for a 
constant load condition. 


(25) 


Actually K and k, are not constants but are in fact 
functions of e and P,. Thus the response character- 
istics vary at each point in the linear zone and for 
each value of output load. By calculating K and k, 
for each possible operating condition, a domain is 
defined on a K-k, plane, Figure 10. The stability 
characteristics of the whole system can be superim- 
posed on this plane. The flow curve can be adjusted 
to meet the system requirements. 
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Ideas at Work 





Controlling Tension of Plastic Sheet 


This simp'e and inexpensive system enabled a manufacturer to switch 


from manual to automatic control. 


product, in larger quantities, and at lower cost. 
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Electronic regulator controls field of motor M2 to maintain constant speed ratio between 


stations A and B. Fig. 1 


A manufacturer whose operation 
involved batch processing of plastic 
sheet materials wanted to change from 
manual to automatic control. Ander- 
son-Nichols & Co., Boston, designed 
a system which kept the cost of con- 
trols to a minimum, yet increased 
production, provided closer quality 
control, and reduced scrap and manu- 
facturing costs. 

One of the problems in applying 
automatic control was the close speed 
regulation required between the 
processing stations and the conveyors 
to prevent stretching and breaking of 
the material. 

Figure 1 shows the general sche- 
matic layout of the main process mill 
and drive, with the conveyors. 


MAIN PROCESS 


Requirements for automatic con- 
trols were: 
Speed control on each individual 
motor. 
> Constant speed ratio between ro- 
tary elements at stations A and B for 
the various types of loads. 
> This ratio had to be adjustable. 
> All motors had to be started from 
one push button. 
> Jog reversing was necessary for sta- 
tions A and B. 
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> Emergency stopping of the whole 
train was required. 

> All motors needed dynamic braking. 
> The drive for Station C had to have 
manual adjustment at the operator’s 
position. 


OPERATING STATIONS 


Station A performs a continuous 
operation on the material and is 
driven by a 75-hp, 230-vdc, adjustable- 
speed motor (M1). 

Station B is similar but with a 25- 
hp, 230-vde, adjustable-speed motor 
(M2). 

Station C performs an intermittent 
operation on the material and is pow- 
ered by a 25-hp, 230-vdc, adjustable- 
speed motor (M3). 

The power unit D is an electronic 
speed variator motor-generator set, 
rated at 150 hp and 480 volts. The 
ac induction motor drives a de gen- 
erator and an exciter. Control devices, 
electronic regulator, and_ protective 
relays are all inclosed with the gen- 
erating unit in one cabinet and force- 
ventilated with filtered air. 

The electronic regulator E is simply 
an amplifier and rectifier which is used 
to control the shunt field of the motor 
M2 by means of tachometer feed- 
back. 


The controls turn out a better 


OPERATION 


The motor-generator set is started 
by a push button at the operator's 
station. The belt-driven exciter sup- 
plies the main generator field, the 
field of motor M1, the field of motor 
M3, and the control voltage. 

The operator then presses the “run” 
button which starts the motors. They 
come up to the speed selected by the 
setting of the main speed control 
theostat, which is in the main gen- 
erator field and located on the oper- 
ator’s control panel. 

Fine speed adjustment is obtained 
by individual trimming rheostats. 
The motor M2 is kept at the selected 
speed by the electronic regulator. The 
regulator receives feedback signals 
from tachometer generators connected 
to the shafts of the motors. The dif- 
ference in the two signals is amplified 
and controls the output of the rectifier 
which in turn supplies the field of 
Motor M2. (This type of operation 
is satisfactory since the operational 
speed range is normally less than 2-to-1, 
and the ratio from B to A is practically 
unity). For example, if motor M2 
tends to speed up, the signal from its 
tachometer generator increases. This 
causes a greater unbalance in the regu- 
lator, and the rectifier output is thus 
increased. This in turn increases the 
field of Motor M2 and slows down the 
motor until the signals balance. The 
operation of the third motor M3 is 
described under the operation of con- 
veyors. 


CONVEYOR SYSTEM 


The process conveyors between 
Stations B and C are 100 ft long. 
The length and weight of the sheet 
material made it necessary to power 
drive the conveyors and regulate the 
speed of all three sections. 

The three conveyors are each 
driven by a constant-speed ac motor. 
The belts are controlled by electrically 
operated mechanical speed variators 
with a 4-to-] speed range. 

Figure 2 shows the wiring schematic 
of the speed control for the conveyors. 
Operation of the system is as follows: 
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. With no material on the con- 
veyors, limit switches A’ and B’ 
are open. ‘This opens the circuit 
to the speed-adjusting controls 
on the three conveyors. The 
operator threads the sheet 
through the three conveyors by 
holding down the by-pass button, 
adjusting the speeds of ail three 
conveyors by means of the fast 
and slow push buttons. 

. With the sheet running through 
all the conveyors and into Station 
C, and with the whole train up 
to desired speed, the operator 
releases the by-pass button. The 
three limit switches controlling 
the loops between the conveyors 
are energized by the closing of 
the switches A’ and B’. These 
switches are closed by the sheet. 

. As long as sheet material is mov- 
ing on the conveyors, speed ad- 
justment is automatic. ‘Take 
conveyor 3 as an example—if 
the loop grows in size, contact 
CF3 closes. This moves the ad- 
justable control to — increase 
speed on conveyor 3 which in 
turn decreases the size of the 
loop. As soon as the loop moves 
back to its original size, contact 
CF3 opens and the control stops. 
If the loop gets too small, the 
conveyor is running too fast and 
the sheet opens switch CS3 


Station ‘A” Station - 
| 








ae om 


which slows down the conveyor. 

.An adjustable time-pulse relay 
prevents oscillation. ‘The con- 
tacts of this relay make momen- 
tary contact every ten seconds. 
Any CF or CS contacts which 
are closed at the time of contact 
receive an impulse for the dura- 
tion of the relay closing. ‘Thus 
the controls are “inched” until 
the desired positions of the con- 
trols are reached. 

.As the end of the shect_ tails 
through the beginning of the 
conveyor at Station 3B, limit 
switch A’ opens and cuts off the 
power to the three loop-control 
switches. This ‘‘freezes’” all 
three mechanical speed variators 
at their respective ratios so that 
the system remains in proper ad- 
justment and ready for threading 
of the next sheet. 

Control is also required at Station 
C. This drive is powered by a motor 
operating from the main de supply 
and the speed closely follows that of 
the output of Stations A and B. A 
field rheostat at the operator’s station 
permits fine adjustment and allows 
for shrinkage of the material as it 
cools along the conveyors. With this 
theostat, the operator can control the 
loop at the end of the conveyor sec- 
tion adjacent to Station C. 

The process train needs little atten- 


__, See detail A” this sheet 
= ‘ 


tion once the mill is started and 
speeds are adjusted. It will maintain its 
speed ratios with only an occasional 
trimming of speeds of the various mo- 
tors in the train. The automatic con- 
trols require practically no judgment 
on the part of the operator. ‘They turn 
out a much better product, in larger 
quantities, and for less money than 
the manual controls. 

rhe use of simple switches as the 
basic control element, with the time- 
pulse relay preventing overcontrol, al- 
lowed inexpensive construction of a 
closed-loop control system for the 
three conveyors. Since only slow 
changes in conveyor speed were re- 
quired by the process, the use of mo- 
tor-driven mechanical speed variators 
in an on-off type of control system 
was permissible. The time-pulse relay 
is the least expensive way to assure 
stability in such a system. 

A realistic design approach to the 
processing-station drive system, in 
keeping with the precision required 
by the process, led to driving three de 
motors from the same variable voltage 
source. Speed equalization was pro- 
vided by. the inexpensive trimming 
rheostats. A simple amplifier-rectifier 
type electronic regulator provided 
close, continuous control at the criti- 
cal station. The whole control system 
is a complete, yet economical, solu- 
tion to the problem concerned. 
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Detail "A" 


l'ime-pulse relay prevents oscillation of simple automatic speed control on process conveyors. Fig. 2 
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Ils automation 


in your future ? 


Any consideration of automation quickly reveals one out- 

standing fact. It is that success or failure in automation 

depends to a great degree on the ingenuity and skill of con- ° 
‘ trol engineers. Automatic electrical control is the heart of 


automation. 


7 This explains why capable management invariably brings 


e: such talent into consultation in even their earliest explor- 





atory discussions of automation. Why Cutler-Hammer 
« engineers have already assisted in bringing automation to 
breath-taking reality in such diverse industries as paper, 


is glass, cement, rubber, sugar, steel pipe, wire and automotive. 


Cutler-Hammer leadership in automatic electrical control 
has been recognized and respected over the entire 62 years 
a since Cutler-Hammer pioneered the art with the very first 
a automatic motor control feature ever offered by anyone, 
the no-voltage release in the Cutler-Hammer Bulletin 10 
_— . Motor Starter of 1892. 
¢ 


7 ©. ; Automation may hold tremendous opportunities for your 
ean ° company in production economies and product uniformity. 
ee - 1% But it requires a large investment in engineering before a 
oss greater investment in equipment. Cutler-Hammer experi- 
va ence can safeguard both. It avoids costly false starts, pre- 
’ Te - vents impractical or needlessly complicated constructions 4 
and frequently points the way to unsuspected automation 
: 3 possibilities. Write or wire today. CUTLER-HAMMER, Inc., 
1467 St. Paul Avenue, Milwaukee 1, Wisconsin. 


The ‘Kitty Hawk" of Automation 





The very first automatic feature 

. vs es ‘ in motor control was the no- 

ea voltage release in the Cutler-Hammer Bulletin 10 

“a” . Starter of 1892. The starter handle was held in the 

' -* “on” position by an electromagnet and returned 

%% os automatically to the “‘off”’ posi- 

tion whenever the power sup- et ai - 

: : ply failed. This protected men 

¥ . at machines from sudden unex- C E R- 4 AM ha | 

e 8 P ected restarting, motors against UT L = R 

= yurn-out due to the inrush of .-- 


uncontrolled current. nh, <a vitidianied 
‘ °° OREO) ane e) be '1 0) ae—— 






























Tomorrow’s Design Today... 


Airplane design involves a staggering 
amount of data processing—a seemingly 
endless number of computations and 
tests between the drawing board and 
the production line. Every hour...every 
day...every week gained here brings 
the time when the finished plane takes 
off on its first flight just that much closer. 

In the aircraft industry, as in many 
other engineering applications, the 
Remington Rand ERA 1103 Electronic 


Computing System has proven how 
easily it can handle the most difficult 
research problems. Here are some rea- 
sons why leading aircraft builders and 
other prominent users are counting on 
the ERA 1103 these days: 

Because of its ability to reduce large 
volumes of data at extremely high 
speeds, the ERA 1103 is the ideal com- 
puting system for scientific applications. 
Its speed is matched by many other out- 


The E.R.A. 1103 Computing System 


standing characteristics: superb oper- 
ating efficiency, obtained through large 
storage Capacity... great programming 
versatility...the ability to operate simul- 
taneously with a wide variety of input- 
output devices...and far greater reli- 
ability than any computer in its class. 

For more information about the ERA 
1103, or for information about how you 
might apply the system to your particu- 
lar problems, write to... 


ke 
ELECTRONIC COMPUTER DEPARTMENT, MMspesseeglay7e. tana 200 1982, 315 FOURTH AVE., NEW YORK 10, 
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SEYMOUR OESTRETCHER, American 
Machine & Foundry Co. 


A recent study of research reactors 
has led to the development of unit- 
ized reactor control components. The 
components are unitized to provide 
great flexibility in application to re- 
actor controls. The resulting stand- 
ardization lowers cost and increases 
reliability and safety. 

Unitization has been applied to the 
rod drive mechanism components of 
the reactor control system, including 
gear reducers, transmissions, clutches, 
and rack-and-pinion drives. ‘These 
mechanisms are applicable to a wide 
variety of reactor control systems. On- 
off control systems or proportional 
control systems with or without auto- 
matic resetting (integral control) or 
rate sensitivity are possible variations. 
As widely different as these systems 
may be from the control engineering 
point of view, they can be applied to 
the reactor easily with the new units. 

These unitized mechanisms can be 
used on all reactors, including research 
facilities, controlled by the insertion 
of rods of high neutron absorption 
cross-section. Each specific application 
must be passed upon by the AEC 
Advisory Committee on Reactor Safe- 
guards. Reactor power output is con- 
trolled by positioning the rods, increas- 
ing as the rods are withdrawn. These 
rods, known as poison rods, fall into 
two categories: safety-shim, and con- 
trol, or regulating, rods. 

The safety-shim rods should have 
a combined control effect of sev- 
eral times the maximum excess re- 
activity in the reactor. They serve a 
dual purpose. As safety rods they are 
withdrawn at start-up and inserted at 
shut-down. During an emergency shut- 
down or “scram” the rods are simply 
dropped into the reactor. As shim rods 
they can be used to give steady-state 
control to compensate for long-term 
effects such as fuel burn-up, and fis- 
sion-product accumulation and to 
compensate neutron absorbing experi- 
ments. 

The control, or regulating, rod has 
a much narrower control range and 
is moved in and out of the reactor 
in small steps. There is usually only 
one control rod and it is desirable, but 
not essential, to “scram” the control 
rod also during emergency shut-down. 

Besides driving the rods up and 
down and “‘scramming,” the control 
mechanism must recover the rods 
after “scram” so that start-up is once 
again possible. In reactors which op- 
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Unitized Controls for Atomic Piles 
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Flexibility in choice of control system is offered by unitized character of components in 


reactor control mechanism. Fig. 1 

erate at high neutron flux densities, 
the speed at which the rods are re- 
covered may be critical. Build-up of 
xenon-135—a neutron absorber that 
“poisons” the reactor—after shut down, 
requires quick start-up; otherwise 
there must be a long wait for the 
xenon to decay. 

Rod position must be known at all 
times. The control mechanism must 
relay the position signal to the con- 
sole. For automatic control of the 
rods a velocity signal may also be 
necessary. Other signals relating to rod 
position are desirable, such as full-out 
stop and full-in stop. 

To satisfy these individual require- 
ments AMF has designed independ- 
ent units. As a result, a mechanism 
can now be built to satisfy a specific 
set of conditions simply by the selec- 
tion of appropriate units. The units 
have been broken down by an addi- 
tional step to provide choices of life, 
accuracy, and cost. Figure 1 shows 
a mechanism, made of small units, 
which can satisfy all requirements of 
both safety-shim rod and control rod 
operation through the use of a rack- 
and-pinion drive to the rods. 

A standard _ fractional-horsepower 
motor is adequate for the safety-shim 
rod because of the low speed involved, 
while a low-inertia motor is used for 
the much faster control rod drive. 

A single-thread-worm reducer unit 
accepts both the servomotor and, with 
an adapter, the standard motor. 

The next unit is a magnetic clutch 
and its housing. For emergency shut- 
down conditions the clutch discon- 
nects the output shaft from the worm 


reducer and the rods, with racks at- 
tached, drop into the reactor under 
the influence of gravity. The clutch has 
a release time between 30 and 50 
milliseconds. With this method of 
“scram’’ a mechanical latch holds the 
rod to the rack. Another method of 
“scram” inserts an electromagnetic 
coupling between the rod and rack, in- 
stead of the clutch. When the magnet 
is deenergized, (approximately 40 mil- 
lisecond release time), the rod falls. 
This method is probably the simplest, 
but the clutch offers certain advan- 


tages. As mentioned before, rapid re- 
covery of the rods may be very 
important. With the clutch-type 


“scram,” the rod has never been re- 
leased from the rack and pinion. 
Start-up requires merely energizing 
the clutch. With the magnet “scram,’ 
the racks must be driven down to 
recover the rods. Position indication 
is lost until contact is made again, 
while indication is never lost with 
the clutch system. 

The drive shaft unit is a cylindri- 
cal casting with a boss for mounting 
the position pick-offs, the drive shaft 
and bearings, and the pinion. Gearing 
for the position pick-offs is taken di- 
rectly from the output shaft. The posi- 
tion gearing mz ikes one turn for the 
full rod travel, which in the case illus- 
trated is 24 in. (The length of 
rod travel can be adjusted by limit 
switches). Interchangeable mountings 
are provided for a one-turn synchro 
or a one-turn or ten-turn helipot. Ra- 
tios are compensated by gearing built 
in the synchro or helipot base. 

When using the magnetic clutch, 
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TWO PUMPS IN ONE! 


Lapp Pulsafeeder is the combination 
piston-diaphragm pump for controlled- 
volume pumping of fluids. Recipro- 
cating piston action provides positive 
displacement. But the piston pumps 
only an hydraulic medium, working 
against a diaphragm. A floating, bal- 
anced partition, the diaphragm isolates 
chemical being pumped from working 
pump parts—eliminates need for stuf- 
fing box or running seal. Constant 
pumping speed; variable flow results 
from variation in piston-stroke length 
—controlled by hand-wheel, or, in 
Auto-Pneumatic models, by instrument 
air pressure responding to any instru- 
ment-measurable processing variable. 


WRITE FOR BULLETIN 300 with typical applications, flow 
charts, description and specifications of models of various 
capacities and constructions. Inquiry Data Sheet included 
from which we can make specific engineering recommenda- 
tion for your processing requirement. Write Lapp Insulator 
Co., Inc., Process Equipment Div., 390 Wilson St.,Le Roy,N.Y. 
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the drive-shaft unit may also include 
a torsion spring to accelerate the rod 
at “scram.” 

The last unit is the rack back-up 
casting with attached guide housing. 
The rack rides in a linear bearing 
which holds proper pitch-line dis- 
tances between rack and pinion. A 
bank of five limit switches is mounted 
to the guide housing, and can give 
any number of signals relating to rod 
position. A cam traveling with the 
rack actuates the switches. 

The rack is just over 30 in. long 
and connects to an extension tube 
through a ball joint to allow for mis- 
alignment without cocking the rack in 
its bearing. 

This unitized control mechanism 
can be used with almost any mode of 
control. A schematic of one typical 
system is shown in Figure 2. This 
shows the servo loop for the control 
rod. The safety-shim rods might have 
a slow-acting on-off control system 
operating to restore the control rod 
to the center of its operating range. 
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Any control engineer would like a slide 
rule which gives magnitude ratio and phase 
response angle in one setting. Yes, there 
is such a slide rule. It was recently in- 
vented by Keisuke Izawa, Assistant Profes- 
sor at the Tokyo Institute of Technology. 
The rule is made by the Hemmi Bamboo 
Slide Rule Manufacturing Co. in Japan. 
[Your editors have been unable, to date, to 
locate an American distributor. | 

A paper by Mr. Izawa, entitled “Fre- 
quency Response Calculation Aids,” and 
to be published shortly by the ASME, 
describes the slide rule and its use. Two 
monograms make possible at-a-glance con- 
version from open- to closed-loop response 
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Typical research reactor regulating system using unitized control mechanisms. Safety- 
shim rod would use manual control with position indication only. Fig. 2 


The mechanism described will 
drive 100-Ib rods at specified speeds, 
allow them to “scram,” recover them, 
indicate their positions, and provide 


FREQUENCY RESPONSE MADE EASY... 


values for both magnitude ratios and 
response angles, on the basis of unity feed- 
back. 

Specifically, the rule solves expressions 
which are factorable into terms of the form 


Ts + 1, s; e”’, e“*, and Ks"; where T and 
L are positive constants, s—= jw, and 
j = \— 1. The general transfer function 


of this type can be represented by G(s), 


(Tas +1)... (Tons + 1) 


’ y ~Lag 
(T ys es Re (T um8 + 1) 


G(s) = Ks* 
and K is the gain constant, h is the number 
of differentiations or integrations, the quan- 
tities Ta:, Tus, . . . Ton, are lead time con- 
stants, while Ty, Tor, . . . Tom, ate lag 


position-sensitive signals to meet spe- 
cific requirements. The unitized com- 
ponents are reliable. Standardization 
has reduced their cost. 


time constants, and L is the dead time of 
the system. Given the various constants, 
the slide rule produces the magnitude ratio 
in decibels and the phase angle in degrees 
for any angular frequency between 0.001 
and 1,000 radians per unit time. 

Scales for direct conversion from decibels 
to actual magnitude, and from angular 
frequency to frequency (cycles per unit 
time) or period (time per cycle), are also 
provided. The new rule also has the 
standard C, CI, D, and A scales for multi- 
plication, division, squares and square roots. 
Any ratio, as a number on the A scale, may 
be converted directly to decibles by read- 
ing the number opposite on the db scale. 
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Spectrometer Prints Analysis 


R. L. HUDSON, Ethyl Corp., and 
K. W. HERING, The Perkin-Elmer Corp. 


Servo and digital techniques added 
to a basic laboratory spectrometer have 
reduced a complex chemical analysis 
to simple push button routine. Fur- 
ther, inherent precision in the new 
automatic system offers accuracy al- 
most double that of good manual op- 
eration. 

Specifically, the mechanized analyzer 
was developed to run a quantitative 
analysis of as many as ten components 
in a single chemical complex. Its basic 
instrument consists of a_ standard 
Perkin-Elmer Model 12 single beam 
spectrometer augmented by a control 
unit which sequences it through the 
ten predetermined wavelengths. At 
each point, first I, then I are auto- 
matically measured by a cell-in, cell- 
out procedure. An analog to digital 
converter produces absorbency values 
in raw numerical form and feeds them 
to an electronic readout typewriter 
with associated punch equipment. 
Next the information goes to a digital 
computer which solves the simulta- 
neous equations necessary for complete 
quantitative analysis. 

Previously this whole procedure took 
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place on a step-by-step basis. I, and I 
readings were taken from a strip chart, 
and it was necessary to reduce these 
to a form that would permit calcula- 
tions using the inversematrix. Since 
an electronic digital computer was a 
new acquisition at the Ethyl Corp. 
plant, it was believed that digitalizing 
would be an excellent way to accom- 
plish these steps and also handle the 
problem of computing results. 


Mechanizing the Instrument 


Modifying the instrument consisted 
primarily in adding potentiometer 
follow-up servo drives for its slit and 
wavelength drums. A cell changer 
mechanism was first installed to per- 
mit alternate insertion of two cell hold- 
ers into the optical beam. 

Twenty 15-turn helical potentio- 
meters are used to secure ten wave- 
length and slit openings. Ten of these 
“pots” on a panel select desired wave- 
lengths between 2 and 15 microns. 

A repeat cycle timer automatically 
sequences any number of wavelength 
settings and slit widths up to ten. 
Also, three additional wavelengths and 


slit widths are selectable by push but- 
ton after automatic cycling is com- 
plete. ‘These make possible rapid wave- 
length calibration and zero checks of 
the instrument. 

The program control, in addition to 
power supply and control relays, con 
tains a one-minute repeat cycle timer. 
Five microswitches, coupled to this 
timer, achieve the following sequence: 

1. Wavelength and slit selector 

point advance. 

Recycle. 

Cell in-cell out. 

Recorder chart-pen “on” and 
“off” 

5. Readout. 

Performing readout are a T’clecom- 
puter Corporation “Tcleducer”, a pro- 
gram unit, and an IBM typewriter. 
The ‘““Teleducer” is a self-balancing 
Kevin-Varley bridge which measures 
voltage from an auxiliary slide wire 
coupled to the recorder pen. 

Functionally, the program unit picks 
off information from the ““Teleducer” 
and programs this into the modified 
IBM typewriter. Readout code num 
ber and up to twelve selected constants 
are also fed into the typewriter. 

As an added convenience to the op- 
erator, a remote push button panel 
is on the spectrometer table. Control 
here consists of cell “‘in’’-‘‘out’, chart 
“on’’-“off’, the three _ calibration 
points, standby, automatic analysis 
start, reset, and manual readout. 


Operational Sequence 


To set up the instrument for a 
quantitative analysis the wavelengths 
and slit widths are preselected on the 
potentiometers—these settings being 
made by visual observation of wave- 
length drum and slit width scale posi- 
tions. Only one zero setting is used 
for all wavelengths. This is permissible 
as long as proper precautions are taken 
for nonlinearity due to scattered light 
or overly wide spectral slits. 

In operation the recycle switch 
selector is set for a desired number of 
points. Zero is then checked using 
the above calibration point and man- 
ually introducing the fithium fluoride 
shutter. This check is necessary only 
once every four or five samples. After 
zero has been set the instrument is 
returned to standby and sample is in- 
troduced. The operator then pushes 
the start button which initiates the 
following sequences: 

1. The cell travels to the “cell out” 
position and stays there for 30 
seconds. 
lhe wavelength drum and slits 
are servoed to position 1 and re 
main there for 60 seconds. 
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“Up a Tree”’ with a Relay Tree?... 


Kewoce 


CROSSBAR SWITCH 


FOR INDUSTRIAL APPLICATIONS 


Fast, Simple, Low-Cost Solution to Your 
Complex Switching Problems! 





OUTGOING 


ACTIVATED SIGNAL TERMINAL 


HOLD 


ACTIVATED CROSSPOINT 





INCOMING 
ACTIVATED SIGNAL TERMINAL 
HOLD of 


OUTGOING 
SIGNAL TERMINAL 


The Kellogg Cossbar Switch illustrated 
above establishes the different types of 
electrical connections possible. Any cross 
point can be activated in less than 50 mil- 
liseconds by energizing one select magnet 
and one hold magnet. Standard contact 
material used in the Kellogg Crossbar 
Switch is palladium (gold can also be 
provided). Mounting frames are avail- 
able which provide drawer-like removal 
for easy inspection. Circuits can be main- 
tained while the Kellogg Crossbar Switch 
is in the process of switching other cir- 
cuits. 


3, 5 or 6 separate 
levels of contacts 
are available 


INCOMING 
SIGNAL TERMINAL 


l 
~ SS 


ACTIVATED 
SELECT 





SELECTS ACTIVATED 


SELECT 


ACTIVATED 
CROSS POINT 


Drawing No. 1 illustrates the basic 

Cross-bar principle which permits any 
of several incoming circuits to be connected 
to any of several output circuits. This type 
of switch can connect any of 60 circuits, 3 
at a time, to any of 75. 


Drawing No. 2 shows a means of 
switching one incoming circuit to many 
possible outgoing circuits plished by 
removing every other vertical. Thus, instead 
of having one cable terminal at one end 
of the switch, each remaining vertical has 
its own cable connection. This type of switch 
can easily be adapted to switch one 
circuit to any of 936. 
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After 15 seconds from start of 
above the pen motor of the 
recorder is activated. 
After 284 seconds a readout is 
taken. This reading is the trans- 
mittance value (I,) with the cell 
out of the optical path. 
The pen motor is de-energized 
after 30 seconds at which time 
the cell travels to “‘cell in’. 
After 45 seconds the pen motor 
is again energized. 
A readout for the cell in position 
(transmittance value I) is taken 
after 584 seconds. 
The pen motor is deenergized. 
After 60 seconds the wavelength 
drum and slits are servoed to 
position 2 and cycle repeated. 
Analytical results to date indicate a 
standard deviation of less than +.001 
absorbancy units in the 60 to 35 per- 
cent transmission range, and +.002 
units in the 35 to 15 percent range. 


MULTICOMPONENT ANALYZER BLOCK DIAGRAM 
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Push-Button Mechanical Memory 


EUGENE R. KILGEN, Kilgen Organ Co. 


A memory device should be easy 
to fill, and just as easy to empty. Its 
capacity—the number of pieces or bits 
in the pattern—should be easy to en- 
large. It should be compact and must 
be reliable. This push-button memory 
meets all these requirements. 

The drawing has been simplified 
to include only two switches and three 
of the pattern-remembering wafers. 
The switches are mounted at the end 


Switch Switch Topper 


springs 


Tappet 4 
Cross-section J 


Wofer guide 
bearings 


of rockers and are operated by the 
tablet-type keys marked 3, 4, and 5. 
The pattern-holding wafers operate all 
switches simultaneously; each switch, 
by way of its rocker, assuming the 
position of the corresponding tappet 
on the wafer selected. 

Each tappet has two positions, since 
a switch can be simply on or off. The 
tappet is pivoted at point 2 (see tappet 
4 on drawing) and has a friction device 
(see insert) which biases the tappet in 
one position or the other. 


_ Pattern-holding 
warers 


Each of the wafers holds a pattern in the positions of its tappets, and this pattern is 


transferred to the switches by pressing the corresponding button. 


There may be 


hundreds of switches and hundreds of buttons. 


SEPTEMBER 1954 


Normally, the tappets operate the 
rockers. A pattern is set, however, by 
using the rockers to set the tappets, 
and a pattern is removed in the same 
way. Depressing button A moves the 
tappets of wafer A against the rockers, 
setting the pattern of those tappets 
into the switches. The button is then 
released, and the wafer returns to its 
rest position, leaving the switches as 
set. If the button is held, however, 
the keys can be used to set the tappets, 
removing or changing the pattern on 
the wafer concerned. A wafer may 
operate a great number of switches, 
and, since the wafer has a rest position, 
one or two switches may be opened 
or closed, varying the pattern in a 
small way, without affecting the basic 
pattern. 

The mechanism has been success- 
fully built with 350 switches and 50 
wafers. The switches can be cam- 
operated microswitches. The keys and 
buttons can be replaced by solenoids 
or clutched to a motor. 

A device of this kind could be used 
in place of the patch panel in setting 
up problems on analog and digital 
computers, especially large ones. It 
has controlled airport traffic-pattern 
lights. Modifications of the mechanism 
might be useful in this respect; a 
means, for example, to disconnect the 
switches from the keys, so a pattern 
may be set into another of the wafers 
without disturbing the switches. 
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Over 2200 scientists, engi- 


neers, draftsmen, testers and 
other technical personnel in 
the GPE Companies work in 
the fields covered by this chart. 


SERVES INDUSTRY 


THROUGH coordinated 


The producing companies of General Precision Equipment 
Corporation are engaged in the development, production and 
sale of advanced technological products. These products all 
have a broad common base: 1) they represent precision equip- 
ment in some form; 2) they derive from similar fields of tech- 
nical competence; 3) they save labor, increase productivity, 
or achieve results which cannot be attained with even limited 
use of on-the-spot manpower. 


A general view of the technical capacities of the GPE 
Producing Companies is given in the chart. But the chart 
cannot show the very close interrelation of these capacities 
nor the highly flexible application of facilities, techniques 
and capabilities which exists among these companies. This 
is achieved through GPE’s basic operating policy—Coordi- 
nated Precision Technology. 


GPE Coordinated Precision Technology operates in all 
areas—in research, development and manufacture. The record 
of the GPE Producing Companies in solving advanced tech- 
nological problems and meeting the demand for high speed, 
precision, reliability, light weight and compactness at com- 
petitive prices is the result of this coordination, the constant 
application of the newest and most highly advanced tech- 
niques, and unremitting insistence on highest quality. 


Perhaps the most conspicuous advantage of GPE Coordi- 
nated Precision Technology is that the concept and develop- 
ment of equipment and systems, and of solutions to the 
underlying technical problems, are not restricted by being 
confined to the specialized techniques of a particular field. 
In short, GPE Coordinated Precision Technology permits 


each company to seek the optimum solution for the customer. 


by the application of all relevant techniques within the total 
capacities of the entire group. Address inquiries to: 


GENERAL PRECISION EQUIPMENT CORPORATION 


ELECTRONICS 


HYDRAU 
and LIQUIDS HANDLING 


PROFESSIONAL and IND 
TELEVISION EQUIPMENT 


INSTRUMENTATION 


SERVOS and CONTROLS 


AUTOMATIC COMPUTERS 
and COMPONENTS 


ULTRASONICS 


RADAR and MICROWAVE 


MOTION PICTURE 
and SOUND EQUIPMENT 


92 GOLD STREET, NEW YORK 38, NEW YORK OPTICAL DEVICES : 


PRODUCING COMPANIES 


com pol GD & 


INTERNATIONAL ons 4 €. pay MFG.CO. GENERAL PRECISION LABORATORY THE HERTNER ELECTRIC KEARFOTT COMPANY, INC. 
INCORPORATED—PLEASANTVILLE, N.Y. COMPANY-CLEVELAND UITTL® FALLS, N.J. 
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(0 Manufacturing 
CO Manufacturing and product development 
COD Manufacturing, product development and research 
OOD Pilot manufacturing, product development and research 


LINK AVIATION. INC. THE STRONG ELECTRIC ASKANIA REGULATOR 
BINGHAMTON, N.Y. CORPORATION-TOLEDO COMPANY CHICAGO 
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New Products 





AUTOMATIC INSPECTOR circuit-identifies wires in large 


cables and spots flaws. 


With this cable scanner operator 
can circuit-identify a 100-conductor 
cable at the rate of .03 seconds per 
wire—a manual job which normally 
requires at least 5 seconds per con- 
ductor. Further, the device will auto- 
matically check resistance at a rate 
of one wire per second. 

Functionally the cable scanner is 
divided into master and slave units. 
In the master are all operating controls 
and adjustments necessary to inspec- 
tion function. Sole duty of the slave 
is in cable identification routine. Both 
units are portable and use 115V-60 
cycle power. Conductors for test—up 
to 12 gage—can be quickly con- 
nected by spring lock binding posts. 

or identifying individual wires in 
a cable, ends are connected to both 
master and slave. The master then 
runs its end through a sequence which 
permits identification in both units 
by a coordinate light system. As each 
identified wire is tagged by the oper- 
ator, the master advances and stops. 

In scanning cable for interconductor 
and ground resistance, only the mas- 
ter unit is involved. Here, a DC 
bridge circuit, using vacuum tubes 
and relays as sensing devices, detects 
any faults. Acceptance limits are ad- 
justable between 10 and 100 megohms 
at 350 VDC. When a fault shows up 
the scanner stops, identifying lights 
tab the conductor, and the wire num- 
ber is logged. 
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Primary function of the new device 
is in quality control of simple or com- 
plex electrical cables. It should be 
excellent for inspecting the maze of 
electrical wiring in prefabricated har- 
nesses for guided missiles, aircraft, and 
automatic fire control systems. Also in 
routine trouble shooting in involved 
networks serving computers. Panascan, 


7461 N. Hamlin Ave., Skokie, III. 
(Circle No. 1°on reply card) 


DIGITAL CONVERTERS with 
input-output versatility. 


This series of compact, low-cost, re- 
markably versatile digital converters 
has been developed by the newly or- 
ganized Data Reduction and Automa- 
tion Division of Fischer & Porter Co. 
These units are designed to handle a 
wide variety of mechanical or electri- 
cal inputs and translate them into 
decimal or binary code necessary for 
readout or computer operation. 


LISTING 


. Automatic inspector 

. Digital converters 

. Fluctuating-pressure transducer 

. Absolute-pressure transducer 

. Pressure-to-frequency transducer 

. Potentiometer-type pressure trans- 
ducer 

. Temperature-monitoring system 

. Miniature magnetic clutches 

- Oscilloscope with four-gun tube 

. Infra-red photocell 

. Eléctronic counter 

. AC bridge controller 

. Portable potentiometer 

. Btu computer 

. Vibration monitor 

. Precision spectrophotometer 

. Tension analyzer 

. Nylon resin 

. Subminiature toggles 

. Ultrasonic thickness gage 

. Program control system 

. Linear differential transformers 

. Minute servo components 

. Plug-in pulse transformer kit 

. Decade tube 

. Generater 

. Miniature speed reducer 

. DC tachometer generators 

. 40-volt selenium rectifier 

. Crystal photocell 

. Solenoid valves 

. Power digitalizer 

. Small diameter bellows 

. Magnetic servo amplifier 

. Magnetic fluid transmission 

. Precision cams 

. Remote indicators 

. Resolver amplifier 

. Push-button timer 

. Holding coil 


Illustrated here is a typical mem- 
ber of this new series. It has a pit- 
coded two-drum train. When an ana- 
log signal rotates the drum drive shaft, 
mechanical contact “‘feelers’’ pick up 
drum position through its coding. 
Combination of these contact signals 
represents the output code—or drum 
position in digital form. 

Two basic types of converter are 
available. One, which handles analog 
input voltage, contains an integral 
self-balancing potentiometer and will 
operate on a 0-1 millivolt signal and 
up. It is able to maintain either a 
linear or non-linear relationship be- 
tween input and output signals. 

The other basic type converts me- 
chanical motion into digital signal 
output. Motion can be delivered to 
its input shaft by direct link or through 
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a pneumatic or other receiving 
mechanism. The torque requirements 
of this type of converter are less than 
0.20 inch-ounce. 

Both converter types are able to 
deliver equal variety in output signal. 
lor example, they can produce the 
decimal code required to actuate most 
clectric typewriters and IBM _ equip- 
ment—or the binary code which is 
dict for many computers. Further, it 
is claimed that this is the only con 
verter able to come up with special 
output codes. such as teletype and 
binary-decimal. 

The maker of this new converter 
series believes its product is sub- 
stantially less expensive than others 
of equal performance. This is appar- 
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ently due to its purely mechanical 
conversion through simple coded 
drums, rather than via complex elec- 
tronic circuitry Or costly components. 
As many as ten such coded drums can 
comprise a train in the device. 

Remarkable precision is available in 
this simple drum-to-feeler conversion. 
l’ecler positioning has been found 
positive, even though the final drum 
in a train may move one ten-billionth 

f a revolution. This results, for ex- 
ample, in an output accuracy in a five- 
drum train of better than one in 34 
billion parts. 

In operation, motion of the input 
shaft in the first drum is passed on 
through the train by a series of reduc- 
tion gears. Optional use of a_hys- 


e) 


teresis free input coupler will permit 
feelers to operate without interrupting 
the motion of the input shaft. Opera- 
tional speeds can be as high as 5,000 
counts per second. 

Applications for analog to digital 
converters of this type exist wherever 
it is desirable to change the output 
from a primary measuring device into 
a direct digital signal. Thus it should 
find much function in converting vari 
able measurements, such as flow, pres 
sure, chemical composition, into a 
highly useable form for information, 
computing and feedback control. 
Fischer € Porter Co., Hatboro, Pa. 


(Circle No. 2 on reply card) 





FROM THE WEST COAST this month comes a remarkable variety of new pressure 


transducers. Reflecting the aircraft industry’s preoccupation with miniaturization, 
all are notably compact. 


FLUCTUATING PRESSURE: 


Threading for flush mounting plus 
protruding reference-pressure and elec- 
trical connections make this minia- 
ture bonded strain-gage transducer 
easy to handle and apply. 

Actually, prototypes of these tiny 
4.5-gram sensing devices have been 
used since 1946 in special applications 
involving fluctuating pressures. Their 
direct contact between sensing dia 
phragm and pressure source, as well as 
structural simplicity, is said to elimi- 
nate phase and amplitude errors nor- 
mal to many pressure measuring ar- 
rangements. 

Inside the unit, a 120-ohm strain 
gage is bonded to the inner surface of 
the contact diaphragm and wired to 
electrical terminals. Hence, in meas 
urement, the device serves as active 
arm of a ]120-ohin bridge circuit. 


The transducer is 4 in. in diameter 
and 4 or % in. in length. It is avail- 
able in seven pressure ranges—from 24 
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to 200 psi—and will operate in a range 
- 40 to 250 deg. F. Claimed 
linearity is 2 per cent, and accelera- 
tion effect 0.02 per cent per G. Elec- 
tronic Engineering Associates, Ltd., 
948 Brittan Ave., San Carlos, Cal. 


(Circle No. 3 on reply card) 


from 


ABSOLUTE PRESSURE: 


An evacuated aneroid-type bellows 
in this compact 7 oz, 23 in. long trans- 
ducer sets it up for rugged absolute 
pressure measurements in such ranges 
as 0-2; 0-4; 0-20; 3-14.7 psia. Con- 
struction and rangeability appear ideal 
for high altitude work as well as for 
many process applications involving 
vacuum. 

A pre-exercised and calibrated ber- 
yllium copper diaphragm-type bellows 
gives optimum linearity and minimum 
hysteresis. Electrical analogy is pro- 
vided by a contact arm with counter- 
balanced linkage, that pivots in a min- 
iature ball bearing assembly. The 
electrical output of 4 watt needs no 
amplification and may be fed directly 
into telemetering or recording and 
control systems. 


Four of the most exciting are listed below. 


Outstanding resolution characteris- 
tics of 0.25 to 0.50 per cent are 
claimed for resistances of from 1,000 
to 10,000 ohms. 

Known as Model 408 Absolute Pres- 
sure Potentiometer, the new _ trans- 
ducer is power rated at 4 watt at 160 
deg. F. and comes with standard re- 
sistance values of from 1,000 to 10,000 
ohms. Bourns Laboratories, 6135 Mag 
nolia Ave., Riverside, Cal. 


(Circle No. 4 on reply card) 


PRESSURE TO FREQUENCY: 


Designed primarily for use with 
standard RDB FM/IM telemetering 
systems, this pressure-to-frequency 
transducer appears to have interesting 
possibilities for such industrial appli- 
cations as liquid level measurement 
and storage tank monitoring. As a dif 
ferential gage, its manufacturer claims, 
it will display unusual precision and 
reliability in remote pipe line meas 
urements of flow. 
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Only 34 in. long and 14 in. in 
diameter, the new transducer has a 
variable inductance pressure pickup 
mounted in the same case with an FM 
oscillator. It is available in pressure 
ranges from 3 to 100 psi. Weight of 
the device is 64 ounces. 

In operation, applied pressure is 
converted to proportional frequency 
within the transducer and supplied at 
constant amplitude across its output 
terminals. It produces output center 
frequencies of from 1 to 80 keps. 

High stability is claimed for this 
unit. Sensitivity change with tem- 
perature is indicated as less than 0.02 
per cent per degree F., and zero drift 
no more than 0.02 per cent of band- 
width per degree F. in the —6-deg.- 
to-200-<deg. range. Datran Engineering 
Corp., 6312 W. 92nd St., Los An- 
geles, Cal. 


Circle No. 5 on reply card) 


POTENTIOMETER TYPE: 


‘This compact pressure transducer 
has potentiometer-type transmission, 
the “pot” being isolated by bellows 
from actuating force. Although pri- 
marily designed as an absolute pres- 
sure device, it is also offered in gage 
and differential pressure for measuring 
both atmospheric and fluid pressure. 


In operation, a _pressure-sensitive 
bellows in the unit moves _ brushes 
over one or two precision potentiom- 
eters. 

Some facts and figures on specifica 
tions: 24 in. long and 2 in. diameter; 
weight is 8 oz.; operating range is from 
minus 50 to 90 deg. C.; current rated 
at 7.0 milliamps; has a static friction 
maximum of 0.5 per cent of full scale; 
linearity is 1.0 per cent of full scale; 
resolution is 0.34 per cent of full scale 
in standard models; the unit is de 
signed for 50 per cent overpressure. 

This product underwent _ severe 
testing before its marketing. It was 
found to withstand over 40 G shock 
on any axis and was undamaged by 
10 G vibration from 10 to 500 cps. 
It also held up at 40 G steady-state 
acceleration. Genisco, Inc., 2233 Fed- 
eral Ave., Los Angeles, Cal. 

(Circle No. 6 on reply card) 














TEMPERATURE MONITORING SYSTEM employs standardized 
units, and is easy to expand. 


Basic components in this tempera- 
ture scanning system include: 
> Thermocouples (or resistance bulbs) 
> Impulse timer and stepping switch 
> Master measuring unit 
> Memory relay 
> Audible alarm 
> Signal lamps 

All these components are standard- 
ized and pre-tested, with extra ele- 
ments available for increasing capacity 
or scope of scanning. 

In operation, the master measuring 
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unit, with its servo-balancing bridge, 
is pre-set to give warning signals at a 
high or low temperature. When 
scanned temperatures are normal a 
green light flashes. When, however, 
an abnormal temperature is sensed, 
a red light goes on and buzzer sounds. 


A pushbutton will silence the audible ° 


alarm but the warning light will con- 
tinue to shine until the faulty point is 
corrected. Thermo Electric Co., Inc., 
Rochelle Park P. O., N. J. 


(Circle No. 7 on reply card) 


MINIATURE MAGNETIC 
CLUTCHES with fast response. 


A new line of magnetic clutching 
and braking devices is available for 
computer and servomechanism applica- 
tions requiring high accuracy. Included 
are: a single clutch, a double clutch, 
and a clutch brake. 

Designed to meet military environ- 
mental specifications, the units are 
made of corrosion-resistant and fungus- 
inert materials. Windings are encap- 
sulated; finish is anodized. 
Characteristics: 


6 milliseconds 
16 0Z.-ins. 


Minimum response time 
Maximum torque 
Moment of Inertia 
Input shaft 
Output shaft 
Life expectancy 


0.30 oz.-in.2 
0.21 oz.-in.* 
200,000 cycles 
at 30 rpm 
with 1 0z.-in.? 
load inertia 
minus 65°F to 
plus 165°F. 


Temperature range 


Weight 
Single clutch 
Double clutch 
Clutch brake 
Supply 


0.8 pound 
1.5 pounds 
1.2 pounds 
25 vde. 


of 
the Sperry Corp., 31-10 Thomson 
Ave., Long Island City 1, N. Y. 


(Circle No. 8 on reply card) 
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For Specialized Electronic 
Equipment... 


CHECK WESTERN GEAR 


For the answers to your 
MINIATURE MOTOR problems, 


Mission-Western Engineers offer an unusually wide 
range of basic miniature motor designs. We have 
available more than fifty basic types, including 
axial and centrifugal blower designs to cover 

the great variety of equipment adaptations. 

Our basic motor designs range from .001 

to 2 H.P., from 50 to 1,000 cycles in 

frequency and in any voltage range 

required. Complete motor design service 
available. For further information or a copy 

of our motor catalog #254, write 
Mission-Western Engineers, Inc.,* 

132 West Colorado Street, 

Pasadena 1, California. 


*An affiliate of Western Gear Works, since 1888 
a leader in the mechanical power transmission field. 
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PLANTS AT LYNWOOD, PASADENA 
SEATTLE, HOUSTON — REPRESENTATIVES IN PRINCIPAL CITIES 


HIGH PRECISION GEARS 

and precision 

fine pitch gearing 
from 200 to 6 Diametral Pitch and 
dimensions from .125" to 10" diameter. 
Western Gear Works makes available 
complete engineering and manufacturing 
facilities for the application of high 
precision gearing and gear drives in 
electronics equipment. For assistance, 
without obligation, write Executive Offices, 
Western Gear Works, P.O. Box 182, 
Lynwood, Calif. 


BELMONT, SAN FRANCISCO, (CALIF), 
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ANALOG COMPUTER 
and SIMULATION 
FACILITIES 


now available 


DETROIT 
i RICHMOND 


LOS ANGELES o 
BIRMINGHAM 


= BATON ROUGE y 
al 
NATIONAL NETWORK OF 
EASE™* COMPUTER FACILITIES 
OFFERS IMPORTANT BENEFITS 


LECTRONIC 
= BINALOG 
mm ESI MULATING 

QUIPMENT 


Now available for consultation and hire 
are competently-staffed independent or- 
ganizations fully-equipped with EASE 
computers and linked in a network to 
provide full interchange of experience 
and operational techniques. 


Users of any local facility thus receive 
two important benefits: (1) availability 
of complete EASE computation and sim- 
ulation equipment of latest design, at 
all times; (2) most advanced techniques, 
and an ever-growing fund of experience, 
as developed by all network members. 


You are cordially invited to visit and 
investigate the nearest organization 
having an EASE facility, (see list be- 
low) and to discuss your problems in- 
volving mathematical analysis, system 
simulation and other phases of research, 
design or development work in which 
modern analog computer techniques of- 
fer substantial savings in time and cost. 
RICHMOND, CALIF. (San Francisco area) 
Berkeley division Beckman Instruments Inc. 
Chalmer Jones: LAndscape 6-7730 
LOS ANGELES, CALIF. 

Dynalysis, Incorporated 

E. Noneman: ARizona 7-6786 
BIRMINGHAM, ALA. 

Southern Research Institute 

A. J. Thomas, Jr.: 54-2491 

ROSELAND, N. J. (New York City area) 
Gawler-Knoop Co. 

Allyn W. Janes: Digby 4-8417 
CHICAGO, DETROIT, BATON ROUGE, 
MONTREAL — facilities open soon. 


Computer application bulletins available 
on request... please address Dept. 19 


M-38 


Berkeley scx INSTRUMENTS INC. | 


2200 WRIGHT AVENUE, RICHMOND, CALIF. 
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DEVELOPMENTS FROM BRITAIN. On display at the 
British Industries Fair last spring were several products 
of interest to control engineers. Here are four electronic 
items. Two are already available through American 
business representatives. 

















OSCILLOSCOPE WITH FOUR 
GUN TUBE: 





cal events below 100 kilocycles per sec- 
ond can be displayed visually or re 


| Almost any four electrical or physi- 
| 
| 


corded photographically by this new 
cathode ray oscillograph. This flexi 
bility suits the instrument particularly 
to complex developments which often 
demand detailed study of several sim- 
ultaneous events. 

Briefly, signals from four independ- 
ent variables can be amplified and 
applied to the four-gun tube in this 
oscillograph. If the signals are voltages 
they can be applied directly to the 
instrument amplifier. If they are out- 
puts from pressure or other trans- 
ducers, specialized pre-amplifiers are 
needed to convert to waveforms which 
can then be applied to the tube. 

The instrument’s four-gun cathode- 
ray tube has a 160 mm diameter flat 
screen and an accelerating voltage of 
1.9 kv. It employs four direct-coupled 
driver amplifiers, a time-base, and a 
time-marker oscillator. Time-base fre- 
quency range is one to 50,000 cps. Ac- 
curacy of the oscillator is 0.1 per cent 


ind maximum output is 200 volts. 
Southern Instruments, Ltd., Frimley 
Rd., Camberly, Surrey, Eng. 


(Circle No. 9 on reply card) 
INFRA-RED PHOTOCELL: 


[his newly announced photocon- 
ductive cell of the lead sulphide type 1s 
so responsive to heat radiation that 
it is said to pick up temperatures in 
moving work at a distance of 100 yards 
or more. 

lhe new cell simply consists of a 
lead sulphide layer between two elec- 
trodes deposited on a base. 
Hence its rugged compact construction 
makes it highly suitable for use in ra- 
diation sensing heads as well as for 
direct mounting in previously unreach- 
able industrial locations. Application 
possibilities include axle bearing moni- 
toring, radio-frequency heating control, 
regulating fuel feed to furnaces—in 
fact, any job where actual contact with 
the work for temperature measurement 
is not permissible. Mullard, Ltd., 
Shaftesbury Ave., London, W. C. 2. 
(American Agent: International Elec- 
tronics Corp., 137 Hudson St., N.Y.C. 

(Circle No. 10 on reply card) 


glass 





FEEDBACK FACT: 
Posed: 





Solved: 


Some means of graphically indicating water purity on panel con- 
trolling industrial waste process. ¥ 

Foxboro ichthyelogists came up with a flush-mounted gold fish 
bowl. Fish wiggles told more than pen wiggles. 
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Assure Fast 
Accurate 
Machining 


Sheffield Automation 

Sop hs, only Soeet rk Sema ad 

soy ak Cs eee a | 
ering, drilling, honing, mill 

and turning operations. si 


Mounted on machine tools, they measure work 


part dimensions and space relationships and in- 


stantly translate this information into electrical 


impulses which in turn: 


Energize signal lights 


Actuate solenoid ejection or classification 


mechanisms 
Start and stop the machine tool 
Provide feed-back control 


Control cutting tool or grinding wheel position- 


ing and compensation, also time cycle. 








AUTOMATION G 


ages. 






NAS bie beste 


pt] 


fe” 










Here the bore of issi 
e of transmission pini i i 
5 Pinions is being h 
and gaged automatically. whan 
£ 
PeDobe... pon on size, after honing, is within 
, of either tolerance i i ni i 
ll nce limit, white warning lights 
If either toler i 
: ance is exceeded, a red 
; , or green 
gnal flashes and the faulty part is auto i 
ejected. ii 
W , 
rot “4 a predetermined number of rejects pass 
Ough in succession the machine is automati 
ja atically 
: The actual size of each bore, as it is gaged can 
ae on a conveniently located air gage dial 
. . - 
as built into the machine tool pneumatic circuit 


The Sheffield Corporation, Dayton 1, Ohio, U.S.A 





Sheffield AUTOMATION ENGI- 
NEERS will gladly consult with you 
about automatizing your production. 








The New Bailey Recorder provides continuous chart 
records of any four measured variables: 
% combustibles density flow pH ratio 


combustion differential liquid level position smoke density temperal: 
conductivity draft % oxygen pressure specific gravity vacuum 


speed 
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Recorder for— 


Pneumatic and Electric 
a Transmission Systems 


Fic is a panel-mounted recorder that offers new versatility 
never before available in a single instrument. Its unique interchangeable- 
unit design permits recording up to four measured variables, regardless of 
their nature or the location at which they are measured, 


Individual plug-in type pneumatic or electronic receivers—and corresponding 
integrators —are interchangeable in the four identical frame-slots, permitting 
any combination of four pneumatic or electronic signal receivers, or any two 
receivers and their two integrators. 


For the first time you can record four telemetered measurements on a 
single 12-inch circular chart —with a minimum of first cost and installation 
expense, and a maximum of operating economy. Low cost multi-purpose 
components permit fast and easy adaptation to new or changed process cycles, 


Visit the Bailey Booth at the Instrument Show 
Check These Outstanding Advantages 


Extreme Flexibility of Application is provided through the use of pre-cali- 
brated plug-in type units— pneumatic or electronic—to record any measur- 
able variables, in any combination. For example, you can “plug-in” pneu- 
matic receivers along with electronic receivers to record up to a total of four 
variables on the same chart. Or your recorder casing can accommodate two 
integrators and their two corresponding recording receivers for rate of flow. 


Faster, Easier Servicing of instruments is possible because of the new, sealed 
ink sacs and capillary pens. Under normal conditions ink sacs need be 
replaced only once each year. There is no day-to-day inking of pens. 


Faster, Easier Ordering from Stock results from the unique standardized 
unit design. You can select any combination of recording receivers to fit 
your needs, by reference to simplified catalog specifications, and receive 
shipment without the delays ordinarily resulting from custom assembly. 
Complete interchangeability of plug-in type components simplifies stocking 
of spare units. G 34-2 


Write for complete specifications—use handy coupon below Plug-in type electronic receiver 


—_——_—-— OT Ee ere eee ee eo 


Bailey Meter Company ; 
1079 Ivanhoe Rd., Cleveland 10, Ohio 
Please send me product specificatioas on | 
the new Bailey Recorder, as follows: | 
oO With Pneumatic Receivers—Spec. P11-5 ; 
(1) With Electronic and Pneumatic Receivers | 
—Spec. E12-5 | 
COMBUSTION | 
TEMPERATURE Name | 
PRESSURE | 
GAS ANALYSIS 
| 
| 
| 
J 


LEVEL 
wy eane Street and Number____ 





Title 


Company- 





FLOW ————————— State 
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Cv DC Feedhag, 


with 


DIEHL 


LOW INERTIA SERVOMOTORS AND 
INTEGRALLY-MOUNTED TACHOMETERS 


Response and stabilization of Positioning Systems can be 
improved with the Diehl Servomotor and A.C. Tachometer. 

Analog System integration is facilitated by the use of the 
Diehl Servomotor with D.C. Tachometer combination. 

Save space...and eliminate coupling problems and 
backlash...with these integrally combined units, motor 
and generator on the same shaft. 

Diehl 5-watt output, 2-phase, 115/115 volt, 60 cycle, 2-pole 
Low Inertia Servomotors are available with a drag-cup type 
A.C. generator or with a permanent magnet D.C. generator 
mounted on the Servomotor as an integral unit, as illustrated: 


MOTOR WITH A.C. TACHOMETER—NO. 53.S. FPE25-67-1 
Ce TEP 

ee “a © dawg Stalled torque: 

: -_ 5.0 oz. in. 

Rotor moment of inertia: 

0.18 oz. in.? 


Tachometer output: 
6 volts/1000 R.P.M. 


MOTOR WITH D.C. TACHOMETER—NO. S.S. FPE25-86-1 


a + ?,:),. 
Pv + Thy? 


| 
3 


Stalled torque: 
af | 5.0 oz. in. 
; ” Rotor moment of inertia: 
/ fi) 0.18 oz. in.? 
mm, Tachometer output: 

6.5 volts/1000 R.P.M. 


7 


These units are also obtainable for 10 watts output. Both 
the 5 and 10 watt units can be supplied with control windings 
for operation directly from the plates of vacuum tubes, or for 
400 cycle operation. 

Our engineering staff will gladly help you select the units 
best suited to your specific requirements. A request on your 
letterhead will bring you a copy of Technical Manual No. 
CT-0954 describing Diehl Servomotors and related equipment. 


Other Available Components: 


D.C. SERVO SETS © RESOLVERS 
MINIATURE PERMANENT MAGNET D.C. MOTORS 
DIEHL MANUFACTURING COMPANY 
Finderne Plant 


SOMERVILLE N J 
Chicago Detroit New York Philadelphia Worcester, 


Atlanta Baltimore 
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British Developments 


ELECTRONIC COUNTER: 


Remarkably clean design and indus- 
trial-type construction are outstanding 
aspects in this new British electronic 
counter. Surface numbered decade 
counter tubes simplify reading, and 
a front-set reset button permits return 
of the count to zero. ‘These plus two 
rugged carrying handles are all that 
appear on the face of the unit. 

This unit was designed primarily 
for counting pulses generated either 
photo-electrically or mechanically by 
contact, such as by a micro-switch. Its 
basic circuit comprises a pulse shaper 
and d-c amplifier followed by cold 
cathode trigger tubes and decade coun- 
ter tubes. 

When used specifically for photo- 
electric operation, a photocell circuit 
is incorporated in the counter as well 
as a d-c projector supply. The design 
carefully protects against any fluctua- 
tions in the a-c supply. Total power 
consumption of the unit in operation 
is 100 watts. 

The standard model of this counter 
is suitable for 200 counts per second, 
but its maker advises that higher 
speeds can be furnished on request. 
Londex Ltd., 207 Anerley Rd., Lon- 
don, S.E. 20 (American Agent: Amer- 
ican Measuring Instrument Co., 21-25 


44th St., Long Island City, N. Y.) 
(Circle No. 11 on reply card) 


AC BRIDGE CONTROLLER: 


Electric temperature control in a 
range between —200 and 500 deg C is 
available in this fairly compact and 
simply designed electronic resistance 
thermometer. Case-mounted red and 
green signal lights indicate when tem 
perature is over or below control point. 
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British Developments 


In operation an a-c bridge is un I I I | ON 


balanced by a signal from the tem- 


perature-sensing resistance bulb. This multi-turn precision 
unbalance is fed into an electronic am- ° 
plifier, which causes a relay to close potentiometers 
an electrical circuit in the correct se- 
quence to restore the balance. No 
cold junction adjustments are neces- 
sary, and leadwire from instrument to 
sensing bulb can be ordinary copper 
cable of any length and section. 

Resistance bulbs used with the in 
strument consist of fine copper and 
nickle wire—pure platinum is used for 
high temperatures—sealed in a hard 
glass cylinder. Protecting tubes are 
supplied for some applications, and 
bulbs are interchangeable with an ac- 
curacy of 0.1 per cent. 

The instrument itself has a front 
ipproximately 6-by-10 in., and is 7 in. 
deep. Ether, Ltd., Tyburn Rd., Erd mm 9” <ories LMR20-10 
ington, Birmingham, Eng. ‘ 





Litton Teousreves 


=O 


standard linearities 


as high as =0.02% 


(Circle No. 12 on reply card) 


; 
' 


closer linearities available on special order. 





The electrical precision expected of laboratory instruments, with the mechanical 
ruggedness required for dependable duty under the most severe military and indus- 
trial conditions are combined in Litton Potentiometers. 
ELECTRICALLY, “ultra-precision” distinguishes Litton “pots”. Recently developed 
high-speed, servo-controlled coil winding techniques make possible consistently 
high linearities. Linearity data supplied with each unit. Close total resistance 
tolerances can be held. For some resistance values resolution is several times that 
of similar models. “Infinite resolution” (stepless) pots are available. 
MECHANICALLY, Litton Potentiometers are outstanding examples of precision design 
and ruggedized construction. All metal case—machined aluminum, anodized—is 
rust-proof and dust-proof. Shielded stainless steel ball bearings are standard. 
DESIGN-WISE, Litton Potentiometers simplify many application and assembly prob- 
lems. Extremely rugged traveling-nut type stops eliminate need for external stop 
assemblies for many applications. 3600° of actual electrical rotation with 90° of 
PORTABLE POTENTIOMETER electrical and mechanical overtravel at each end is a unique feature, Special 
has unusual range. mountings and shafts are available as well as other electrical angles, extra tap 
connections, and gang versions. 
Litton Potentiometers are refinements of the Series 3500 and Series 1800 ten-turn 
potentiometers formerly manufactured by the Birklan Corporation. 


Here is a compact test and calibrat- 
ing potentiometer claimed to offer 
five times the range of any similar 
instrument, plus an unusual accuracy CONDENSED SPECIFICATIONS series LMR35-10 series LMR20-10 
of 4 of one per cent of scale span. independent Linearity—Standard Range +0.5% to+01% | +0.5% to+0.02% 
Hence, in addition to direct precision 


Special Order +0.005% 1. wae 
: Standard Total Resistance Range 1K to 300K ohms 1K to 100K ohms 
temperature measurement, it can be <tr a —— ; 
used to check a wide variety of tem- 











CAL 





Resistance Tolerance Standard +5% _ at +5% 
Special +0.5% oe +0.5% 


perature instruments. It will also Actual Effective Electrical Angle 3600° “i 3600° ed 
measure d-c potentials up to 53 milli- 


volts and is supplied with special scales 
to suit various transducers. 

The new instrument is battery pow- 
ered, is approximately 12-by-9-by-8 
in. and weighs 12 pounds. It is sensi- 
tive to a change of 10 microvolts and write for complete data LITTON INDUSTRIES (incorporated) 
has a resolution exceeding 2,000 incre- 336 N. Foothill Road + Beverly Hills, California - CRestview 4-7344 
ments. Technique Associates, 2047 N. 215 S. Fulton Avenue - Mount Vernon, New York - Mount Vernon 7-6609 


Parker Ave Indianapolis Ind or contact our sales representative nearest you... 
‘ : ? “ ? , CHICAGO 13, ILLINOIS, PIVAN ENGINEERING CO., 2871 N. LINCOLN AVE., DIVERSEY 8-6885 
(Circle No 13 on reply card) NEW YORK CITY, E.R.A., INC. 10 8. MIDDLENECK ROAD, GREAT NECK, LONG ISLAND, HUNTER 2-9320 








ELECTR 











Case Diameter 3.500 inches __ |___ 1.820 inches 





Starting Torque maximum at 20°C. 1.0 +0.5 inch-ounces 0.75 inch-ounces 


Total Mechanical Angle—Nominal 3780°_ "3780° 











Mechanical Overtravel Each End—Nominal | 90° 90° 
design details subject to change without notice, certified drawings available on request. 





MECHANICAL 




















SEPTEMBER 1954 





Instrument 


Switches 


TYPE C.E.S 


meeting the 
engineer's demand 


-in-a-hurry... 


Custom built from a large 
variety of stock parts. . 

outstanding performance 
ina hurry ... there’s a 
C.E.S. switch that will fill 


your requirements, too. 


Write for catalog 17S. 


C> 


CINEMA ENGINEERING CO. 


DIVISION AEROVOX CORPORATION 
1100 CHESTNUT STREET + BURBANK, CALIF 


NEW YORK OFFICE: 
101 PARK AVENUE 
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OYNAMASTER 
8Tv 


RECORCER 





BULB #2 


wOVOLTS 
eocrs.es 


METAMETER 
POWER 
__} SUPPLY 
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BTU COMPUTER continuously measures, records, and controls 


process heat transfer rate. 


A single Bristol Dynamaster 
measures the temperature difference 
between one resistance thermal ele- 
ment located at the entrance to a heat 
exchanger and another located at the 
exit. Also receiving a flow rate signal 
from a flood transmitter, the Dyna- 
master continuously computes and 
records the product of temperature 
difference and flow rate. The product, 


Btu rate, is compared with desired 
rate to actuate control for flow rate 
or entrance temperature. 

In addition to recording Btu rate, 
the Dynamaster, equipped with a 
second pen, records temperature dif 
ference. Totalizers are available to 
integrate the heat transfer rate. The 
Bristol Company, Waterbury 20, Con- 

(Circle No. 14 on reply card) 


VIBRATION MONITOR, simple and inexpensive, automatically 


curbs vibration. 


Claims are this new instrument will 
serve the same purpose as conventional 
pick-up - amplifier - power supply - relay 
combinations normally used for vibra- 
tion monitoring—and at a cost less 
than $100. 

The new unit incorporates a special 
acceleration-sensitive actuator tied in 
to a pre-set snap action SPDT switch. 
Switching action is manual reset, and 
can activate circuits up to 5 amp., with 
vibratory displacement increases as 
small as ten micro-in. at 12,000 rpm. 


Designed to serve as a warning or 
shut-down control on rotating or vi- 
brating machinery, the device has 
many specific application possibilities. 
For example, it could prevent over- 
loading of such dynamic capacity 
equipment as compressors, generators, 
or turbines. It could also be prime 
element in a central station monitor- 
ing system for remote machinery. 

Maximum range of the unit is 2G, 
or approximately 800 inches vibration 
per second squared. Accuracy is 
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claimed to be plus or minus 0.05G. 
Sensitivity is flat from 0 to 200 cps 
(12,000 rpm) and decreases gradually 
above this limit. The Beta Corpora- 
tion, P.O. Box 8625, Richmond, Va. 


(Circle No. 15 on reply card) 


PRECISION GRATING spectro- 


photometer at low cost. 

Because of basic improvement in 
the art of making precision diffraction 
gratings, this manufacturer is able to 
offer a high quality colorimeter-spec- 
trophotometer at a cost equal to 
modestly priced filter equipment. 

When used as a simple colorimeter, 
the precision diffraction grating in this 
instrument produces an optical beam 
of high wavelength accuracy and spec- 
tral purity. Two simple knob adjust- 
ments subject the liquid sample to a 
fixed wavelength beam and resultant 
reading is converted to concentration 
value using a calibration chart. 

Excellent precision and flexibility 
are claimed for the new instrument in 
spectrophotometric work. Here the 
sample is subjected to light of fixed 
wavelength to secure transmittance or 
optical density readings on a double 
scale. Readings are then interpreted 
and used in construction of transmis- 
sion or absorption curves. 

Besides its built-in grating mono- 
chromator, the new instrument has a 
photo-emissive detector that converts 
sample-transmitted light to an electri- 
cal signal. A printed circuit amplifier 
is then used before the scale indicator. 
These components are mounted on a 
rigid die-cast base to minimize vibra- 
tion and are in a one-piece housing. 

A great advantage of the diffraction 
grating in wavelength selection is that 
it is knob-adjusted over the entire 
instrument range. In the new unit, 
effective range varies from 375 mmu 
(near ultra-violet) to 950 mmu (near 
infra-red ). Infra-red tube and filter are 
substituted for standard tube in 650 
to 950 mmu range. Bausch & Lomb, 
635 St, Paul St., Rochester, N. Y. 


(Circle No. 16 on reply card) 
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CONTROL ENGINEERING 
A magazine designed to aid the 
advancement of the ever-growing 
industry of automation and controls. 


SUB-MINIATURE RATE GYRO 


A husky rate gyro only 1 Y% 
inches in diameter by 2% 
inches long, that will provide 
completely accurate rate in- 
formation without the need 
of power conversion for pick- 


in the automation and control industry. 


RATE GYROS, FREE GYROS, ANGULAR ACCELEROMETERS, 
INTERVALOMETERS, COMPLETE CONTROL SYSTEMS 


3030 NEBRASKA AVE. (Department S) 
SANTA MONICA, CALIFORNIA 











ELECT 


127 Sussex AVENU 


NEWARK 3. N. J, 


Our Snort Gas Thyealions. contol the Lighting 


im B 
Mgt: —— World 


RONS, IN CORPORATED 


E 


‘ becloonic dimmers. at 1 BM. 


Headlguar ers. 














TENSION ANALYZER gages 
during production runs. 


[his mobile tester can be rolled up 
to the production line to measure and 
record dynamic tension variations in 
filamentary materials being processed 
at high speed. It is claimed to handle 
all textiles and fine flexible wire, and 
could probably be just as useful on 
other extruded or drawn thread-like 
materials. 

During measurement, the strand 
material is looped over three pulleys 
of a transducer. Tension is then picked 
up by mechanical displacement of the 
center pulley. This displacement is 
converted into an electrical output, 
which is amplified and recorded on 
an oscillograph. 

Fitting and accessories are available 
to position the transducer on any 
plane at levels from one to eight feet 
above floor. Brush Electronics Co., 
3405 Perkins Ave., Cleveland, Ohio. 

(Circle No. 17 on reply card) 


NYLON RESIN resists ultra- 
violet degradation. 


A new nylon formulation which re 
sists ultraviolet degradation is now 
available for equipment that must 
stand prolonged outdoor exposure. In 
addition to this special quality, this 
resin also has similar properties to the 
nylon material which has found wide 
use in the molding of precision gears 
and bearings. ‘The weather resistant 
product should solve many of the field 
instrument and accessory maintenance 
problems—particularly in pipe line 
and petro-chemical instrumentation. 
“Zytel’ is a product of E. I. Du Pont 
Co., Wilmington, Delaware. 


(Circle No. 18 on reply card) 
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FACTS 
ON MAGNETIC RECORDING 


the flexible “‘MEMORY’’ for science and industry 


e In industry today magnetic recorders can e With greater accuracy and less cost than 


‘‘remember’’ and re-create the motions of 
skilled machinists, the forces encountered by 
a truck driving down a test road, the reflec- 
tions from underground shock waves, the 
complex control of chemical processes. 


Magnetic recorders have long been at work 
recording complex data and reproducing it 
in its original electrical form — ready for 
automatic reduction and analysis. 





AMPEX 


any other method, magnetic tape can “‘re- 
member” situations encountered in your 
business — laboratory data, motions, pro- 
cesses and hundreds of kinds of information. 


Get the facts in this important new bulletin 
from the company that has been building 
magnetic recorders for scientific purposes 
longer than any other firm. Written in clear, 
non-technical language, it tells what mag- 
netic recording can do for you. 


Send for your copy today; write Dept. HH-1711 








CORPORATION 








BRANCH OFFICES: New York, Chicago, 
Atlanta, San Francisco and College Park, 
Maryland (Washington D. C. area) 


SEPTEMBER 


1954 


934 CHARTER STREET * REDWOOD CITY, CALIFORNIA 


DISTRIBUTORS: Radio Shack, Boston; Bing Crosby Enterprises, Los Angeles; 


Southwestern Engineering & Equipment, Dallas and Houston; Canadian 
General Electric Company, Canada 








Get this 
Valuable Guide to 
PUSH-PULL REMOTE 
CONTROLS 


40-page 
Illustrated 
Remote Control 
Catalog 


Here is a valuable 

technical guide that can 

give you important background 

information toward solving your remote control 
problems. The various basic flexible and rigid con- 
trol combinations, locking devices, fittings, etc., are 
shown together with information on the custom 
manufacturing of controls to your specifications. 


Write Today 


ARENS controts, inc. 


2027 Greenleaf Street, Evanston, Illinois 


FLOW TUBE 


This primary metering device produces important pumping 
economies by reducing meter head loss to a minimum. Very short 
laying length — only 1% to 2 pipe diameters. Lightweight and 
easy to install. Meters very accurately with regular differential- 
type instruments. Send for Bulletin 115-L1. Builders-Providence, Inc.; 
528 Harris Avenue, Providence 1, Rhode Island. 


See us at the Instru- 


©, uiLpERs-PROVIDENCE “= cen" 


DIVISION OF B-IF INDUSTRIES, INC Ors Philadelphia 


S Dconreoss 
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SUBMINIATURE TOGGLES offer 
wide switching action. 


Small size, with flexible switch- 
ing action, make this new series of 
three-position, panel-mounting toggle 
switches of interest to control systems 
designers for appliances, aircraft, trains, 
and machinery. 

Two S.P.D.T. switching elements 
in each unit make possible control of 
up to four circuits—with each basic 
switching related to an extreme toggle 
position. Also, with this double switch, 
it is possible to have combinations of 
two circuits open and two closed at 
any time. 

Maintained toggle positions are de- 
tented and momentary spring loaded. 
Bushing is standard, and handles are 
bat type. Electrical rating is 125-250v 
a-c at 5 amps, and 30v d-c at 3 amps 
inductive. Slightly lower at 50,000 ft. 
Micro Switch Div., Minneapolis- 
Honeywell Regulator Co., Freeport, 


Ill. 
(Circle No. 19 on reply card) 


ULTRASONIC THICKNESS gage 
is direct reading, portable. 

Thickness indication in inches with 
accuracies up to 0.1 per cent is claimed 
for this new ultrasonic gage. Portabil- 
ity is a feature, since its oscillator as- 
sembly is designed to be carried, along 
with sensing probe, by the tester—a 
very short length of cable between 
probe and oscillator being necessary in 
this type of high frequency circuit. 

Applications for the new unit range 
from direct thickness testing of metals, 
glass and plastics to detection of flaws 
and poor bonding in products. A 
sweep-width adjustment in its large in- 
strument scale permits thickness read- 
ings of from 0.012 to 2.5 in., with a 
frequency calibration for calculated 
readings up to 10 in. 
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An outstanding design aspect in the 
instrument is its use of a compact 
variable inductor rather than heavy 
motor-driven capacitor in the oscilla- 
tor. Branson Instruments, Inc., Stam- 
ford, Conn. 


(Circle No. 20 on reply card) 


PROGRAM CONTROL SYSTEM 
climatic test conditions. 


A complete system of instruments is 
announced by Bristol for the program- 
ming of temperature, humidity, 
pressure or vacuum within environ- 
mental test cabinets. Accuracy of 
control is quoted at 0.5 per cent of 
full-scale a Control actions avail- 
able are: on-off and _ proportional, 
electrically; proportional, reset and 
derivative, pneumatically. 

A plastic or aluminum cam sets the 
program. The cam is changed in a few 
seconds for another cut to a different 
program. The _ Bristol Company, 
Waterbury 20, Connecticut. 


(Circle No. 21 on reply card) 


LINEAR TRANSFORMERS detect 
minute displacements. 


Designed for the medium audio 
frequencies at input voltages of from 
3 to 10 v., this new line of variable 
differential transformers will detect 
and accurately measure extremely 
small linear mechanical displacement. 
They can provide electrical analogy of 
mechanical motion from such devices 
as level floats, sensing bellows, surface 
contour pick-ups, and other physical 
quantities that can be converted into 
microlinear motion. 

Output from the unit is 0.05 volts 
per thousandth of an inch—one mv. 
output would indicate a movement of 
0.00002 inch. Range of core motion 
in one model is 0.010 in. to either 
side of center null position. Other 
core motion ranges are also available. 

It appears that this device should 
be useful as a component in such in- 
struments as oscilloscopes, oscillo- 
graphs, and vacuum tube voltmeters. 
The Gudeman Co., 340 West Huron 
Street, Chicago, IIlinois. 


(Circle No. 22 on reply card) 
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This compact, electro-mechanical control- 
ler provides sensitivity, speed of response 
and system stabilization under severe op- 
erating conditions. Its design and operat- 
ing features have made Regohm useful for 
automatic control systems in which heavier, 
more expensive and complex, but less ac- 
curate equipment had previously been the 
only available solution. 


(i) SMALL SIZE - Regohm is a compact, 
plug-in device; lightweight, extremely 
rugged and position-free. The unit’s small 
size does not limit its power-handling ca- 
pacity. This makes Regohm a “natural” 
where economy of space and weight are 
your major considerations. 


Q) POWER AMPLIFYING - Regolim is a 
high-gain electro-mechanical power ampli- 
fier. Milliwatt variations in signal energy 


| can control energy changes millions of 


times greater. 


| (G3) IMPEDANCE MATCHING + Signal and 


controlled circuits are isolated, both elec- 
trically and structurally. Signal coils may 
have ratings from 0.01 to 350 amperes. 
Controlled resistors on a panel in which 
Regohm is plugged, can have values from 
zero to infinity, depending on the con- 
trolled system. 


(4) SYSTEM STABILIZING + A thoroughly 


| reliable, sturdy dashpot aids in system 
| damping. It can easily and readily be ad- 
| justed over a wide range to match the 





REGOHM 


ON 








——CONTROL COMPONENT IN: Servo systems + battery 


7 Reasons why 
Regohm is a 


natural for your 


control system 


dynamic characteristics of the Regohm 
to those of your present system. 


(5) ANALYTICALLY DEFINABLE « The re- 


sponse of Regohm is independent of the 
rest of the servo system. Its response char- 
acteristic can be expressed in terms of 
conventional “transfer functions.” Regohm 
acts as an integrating error-rate propor- 
tional controller. No appreciable steady- 
state error can occur. Regohm’s effect can 
be calculated in advance, simplifying the 
design and facilitating the prediction of 
performance. 


(6) CONTINUOUS CONTROL + In “closed 
loop” systems a high-speed averaging ef- 
fect occurs as Regohm’s armature oscil- 
lates over a small amplitude. This provides 
intermediate values between step resist- 
ances and results in continuous, stepless 
control in systems operating at power fre- 
quencies and below. 


2) LONG LIFE - In properly engineered 
installations, Regohm’s life is measured 
in years. Plug-in feature simplifies replace- 
ment and maintenance—there are no parts 
to renew or lubricate. Shelf life is sub- 
stantially unlimited. 

Our engineering and research facilities can 
help you apply Regohm to your servo sys- 
tem or regulator problem. Write for Bulle- 
tin 505.00, analyzing Regohm’s character- 
istics and applications. Address Dept. A, 
ELectric REGULATOR CORPORATION, 
Norwalk, Connecticut. 


chargers + airborne controls « portable and station- 
ary generators + marine radar « inverters « locomo- 
tive braking systems + mobile telephones + guided 
missiles + signal and clarm systems « telephone 
central station equipment + magnetic clutches « rail- 

road communication systems. > 
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MERCOID 


MERCURY SWITCH EQUIPPED 


FOR PRESSURE 
TEMPERATURE 
LIQUID LEVEL 

o MECHANICAL MOVEMENT o 


VISIT BOOTH 1242 


First International Instrument 
Congress and Exposition 


If you have an automatic control problem involving the control 
of pressure, temperature, liquid level or mechanical movement, 
write for Catalog No. Z7OOA. Relays, valves and mercury 
switches are also listed therein. 


THE MERCOID CORPORATION 


4201 BELMONT AVE_., CHICAGO 41, ILLINOIS, U.S.A 





JUST 
OUT! 


NEW 20 PAGE 
CATALOG 


colorfully illustrates 
our facilities and 
services in the 
reer-belepec(elaebucmme) 

high precision 
instrument gears. 
Requests on business 
letterheads will be 
honored promptly. 


Please- address Dept. 


ited sie), me] No. 
MANUFACTURING CO. 


102-38 CORONA AVENUE NEW YORK 


: Cor INA 6x, 
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MINUTE SERVO COMPONENTS 
perform like big ones. 


These new miniature servo motors 
and synchros measure only 7 inch in 
diameter, yet are claimed to perform 
with an accuracy and power usual in 
units twice as large. Also offered are 
similar sized synchro transmitters, 
control transformers, and differentials 
for use in conjection with these tiny 
motors. 

A feature in the motors is a straight 
through bore and integral stator-hous 
ing. Stainless steel is used in hous 
ing, laminations, and in necessary ball 
bearings. A “potted” stator construc 
tion is used to seal hermetically the 
motor windings. 

The small servo motor illustrated 
measures # inch diameter by +% inch 
long. It has a no-load speed of 6,500 
rpm and a stall torque of 0.1 ounce- 
inches. Its power input is 1.5 watts, 
with a voltage input of 18 V. Weight 
is 1.2 ounces. 

Another equally small motor is 
available with high inherent damping 
for simple instrument servos. Also, 
a potted servo amplifier—about the 
size of a cigarette pack—and minia 
ture precision gear trains complete a 
line of components which should be 
extremely useful in the design of very 
compact, but precise servo systems. 
Kearfott Co., Inc., 1378 Main Avenue, 
Clifton, New Jersey. 

(Circle No. 23 on reply card) 


PLUG-IN PULSE TRANSFORMER 
kit aids circuit designers. 

Now available is a pulse transformer 
kit which contains ten plug-in trans- 
formers to fit a standard 7-pin socket. 
Function of this kit is to permit circuit 
designers to quickly run through a 
variety of units and select the proper 
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type for a particular job. The ten 
transformers cover a pulse width range 
of from 0.1 to 23 microseconds. Each 
unit is one inch high by % in. O.D. 
or 11/16 O.D. All are hermetically 
sealed and meet MIL-T-27 specifica- 
tions. PCA Electronics Inc., 2180 
Colorado Ave., Santa Monica, Cal. 


(Circle No. 24 on reply card) 


DECADE TUBE handles 20,000- 
count input. 


This cold cathode counting tube 
handles an input of 20,000 counts per 
second. It employs ten radially- 
spaced cathodes and its toll is directly 
visible on a top-mounted number 
bezel designed for surface display on 
the counting apparatus. 

The new tube operates on 420 volts 
d-c and has an anode current of only 
800 microamps. Its length is 3.87 
inches and diameter, 1.12 inches. 
\tomic Instrument Company, Cam- 
bridge, Massachusetts. 
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GENERATOR converts force to 
electrical pulse. 


An off-shoot of military develop- 
ment, this new transducer converts 
mechanical force into pulses of clec 
trical energy. Its military prototype 
saw use in aircraft as an emergency; 
stand-by actuating unit to set off ex 
plosive charges for forceable ejection 
of external stores and bombs. 

Makers of the device see broad 
possibilities in such non-aircraft ap 
plications as mining, railway signalling, 
operating flash equipment, alarm sys- 
tems—in fact, wherever an electrical 
impulse is required and only slight 
mechanical force is available. 

The unit is self restoring after oper 
ation. It is hermetically sealed and 
will operate under water or in trouble- 
some atmosphere. Size is 54 long by 
2-in. wide by 33} in. long, and weight 
is 2 lbs. 12 oz. Power output is 54 
x watts for pulse duration of 25 milli- 
seconds or longer, with fast rise time 
and minimum pulse lag and decay. 
Microloc, 5811 Marilyn Ave., Culver 
City, Calif. 

(Circle No. 26 on reply card) 
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PROBLEM SOLVED BY: 





Automatic, Electrically-Interlocked 


Batch Control 


A pattern of flashing lights traces the precise compounding of 
ingredients by a battery of Toledo Scales—all electrically 
interlocked through this control panel. Each ingredient is 
accurately added, in proper sequence. The resulting batch is 
controlled all the way through surge bins and mixing to the 
furnaces without chance of human error. This example of 
TOLEDOmation is one of a great variety of automatic units 
developed by the Toledo custom-engineering staff, combining 
traditional Toledo Scale accuracy with advanced applications 
of electrical and electronic equipment. 


What is your problem? The custom-products staff at Toledo, 
and at Toledo offices throughout the country, is available to 
study your particular needs in testing, classifying, batching, 
counting, balancing, and force-measuring. Check with our 
office nearest you or write Custom Industrial Products, Toledo 
Scale Co., Toledo 1, Ohio. A new booklet describing recent 


applications of TOLEDO- 


mation will be available 
soon. Write for a copy. ® 


TOLEDO SCALE COMPANY, TOLEDO, OHIO 





Autrmatic. Musele” 


for PUSH - PULL- Lift JOBS: 


New ° 


COMPACT DESIGN 
SAVES UP TO 


CYLINDERS 
750-AIR to 200 P.S.I. 


Now the sensational new T-J Space- 
maker sets the pace in compact cylinder 
design and efficient performance! 

New “Self-Aligning’’ adjustable oil 
cushion means faster acceleration and 
better cushion than ever before ... New 
T-J Super Cushion Flexible Seals for air 
insure positive cushion with automatic 

valve action for fast return stroke. 

eee aie Gia te aaa More plus features include—heavy wall, 

Fy precision honed, hard chrome plated, 
/ seamless steel body . . . leakproof cyl- | 
/ SPACE inder head to body construction... | 
(1X1) T-J ) / SAVED heavy duty, high-tensile, bard chrome | 
v4 plated piston rod. Write for bulletin | 

Be T-J SPACEMAKER . . . provides additional room for SM-454-2. The Tomkins-Johnson Co,, 
ae nh NR ERR Jackson, Mich. 
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MINIATURE SPEED REDUCER 
has minimized backlash. 


Lightness coupled with fairly large 
output torque make this new series of 
precision miniature speed reducers es 
pecially interesting to designers of elec- 
tronic controls, actuators, and servo 
systems. 

All dimensions in this series are less 
than two inches. Ratios range from 
12.5:1 to 10,000:1, and output torque 
loads from 25 to 100 inch-ounces are 
possible. Special design has also 
lessened backlash to less than one-half 
degree. 

Gears in these units are cut to 
A.G.M.A. Precision 2 tolerances from 
stainless steel, or from aluminum 
bronze wherever very quiet opera- 
tion is needed. Bowmar Instrument 
Corp., 2415 Pennsylvania Street, Fort 
Wayne, Indiana. 
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DC TACHOMETER generators 
are small in size and price. 


Offering speed from 50 to 5000 
rpm, this new line of commercial 
grade permanent magnet de tachom- 
eter generators is claimed to be more 
compact in design and priced almost 4 
less than comparable units built to 
meet military specifications. 

Two sizes in three frames are avail- 
able. Two types, measuring 34 in. 
long and 23 in. in diameter, are for 
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flat and flange mounting and produce 
an output of 1 volt per 100 rpm. The 
other size is slightly larger, and is 
equipped for both flat and flange 
mounting. Output of the largest is 3 
Volts per 100 rpm. 

In all units, tolerance on output 
voltage is plus or minus 10 per cent, 
and output is lineal-with speed at con- 
stant ambient temperature. At steady 
speed, output is constant within plus 
or minus 0.5V for rotation in either 
direction. 

Frames are die-cast aluminum, and 
a stainless steel shaft of 0.250 in. di- 
ameter with ~% in. extension is em- 
ployed. Armature and commutator 
is an 1l-shot design, with silver- 
graphite brushes and vacuum impreg- 
nated Formvar-type windings. Instru- 
ment Motors, Box 5, Stamford, Conn. 
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40-VOLT SELENIUM RECTIFIER 


has low leakage. 

Unique electrical design is in this 
new selenium rectifier—one of the 
first, claims its manufacturer, to have 
an inverse rating of 40 volts. It com- 
bines this high breakdown value with 
low leakage (an estimated 2 milli- 
amperes per sq. in. average) and low 
inverse loss. 

Heating in the new unit, as a result 
of low inverse loss at high voltage, 
has been found to average less than 
5 deg. C. Also, an inherently high 
dielectric quality is claimed to enable 
it to withstand surges up to twice its 
rated voltage. It will operate in am- 
bient temperatures up to 125 deg. C. 
and show no derating at 50 deg. C. 

An extensive program of life tests 
now past the 25,000-hour mark is still 
being given the new unit. It is be- 
lieved that this excellent performance 
is due to a newly-developed, inher- 
ently stable inorganic barrier. In fact, 
inverse characteristics seem actually 
to improve with use. Vickers Electric 
Division, 1817 Locust St., St. Louis 
3, Mo. 


(Circle No. 29 on reply card) 


SEPTEMBER 1954 








Burroughs 
PULSE equipment 


lets you assemble 


your own system— 


IN MINUTES 


Just by connecting standard cables 
between Burroughs Pulse Control 
units, you can assemble virtually 
any pulse system you want. 
Suppose you need a complex 
pulse sequence for testing. The 
basic units required to make up the 
system can be ordered from 
Burroughs—and delivered from 
stock. Connect them together, and 
there’s your system. You’ve saved 
time-consuming ‘“breadboard”’ 
engineering, equipment cost, and 
delay on your primary project. 
What’s more, your Burroughs Pulse 
Equipmentcan be used over and over 
again on different, future projects. 
To meet the growing need for 


versatile pulse control systems, 
Burroughs offers a whole family of 
matched pulse handling units: pulse 
generators, coincidence detectors, 
flip-flops, gating circuits, etc. Dur- 
ing the past four years, this equip- 
ment has been in use by such 
prominent organizations as MIT, 
Consolidated 
Wayne 


Engineering Corp., 
Stanford 
Research Institute, and many others. 

Let us help you get started quicker 
on pending engineering work. Write 
us a letter outlining briefly your 
pulse system requirements. Dept. 
9-J, Electronic 
Division, Burroughs Corp., 
Vine St., Philadelphia 7, Pa. 


University, 


Instruments 
1209 


ELECTRONIC INSTRUMENTS DIVISION 


FIRST IN PULSE HANDLING EQUIPMENT 











PHILADELPHIA ROTO-STAT 


THERMO - REGULATOR 


THERMOMETERS 
AND 


CONTROLS 


VISITORS 
TO 


PHILADELPHIA 

ARE WELCOME 

AT OUR PLANT 
4401 N. SIXTH STREET 








PHILADELPHIA 
THERMOMETER COMPANY 





| 2-to-1 between minus 50 to plus 75 











Digital Data Ham ling Systems 


={om fey). |: 


Pet eta e) meee Oey FUL tation 
Design. . . Developmegy 


el lcing. Vem eran. wert) 1°) ei lcmY STEMS 
DATA CONY ~RSION SYSTEMS 

WP NCly i 6 Omm SN ad ao Pi tele ceme Q UIP MENT 
WNC) | elem. t2 Nell lcm Wie a ae@ROING CIRCUITS 
ACOUSTIC AND MAGNETIC ration ES 

LOGICAL COMPUTER PACKAGES 


COMPUTER TEST EQUIPMENT 


3C. Engineers now operate and maintain a large-scale 


digital computer for the U.S. Navy. 


Send inquiries to Department L4... 


~ 
BC | COMPUTER CONTROL CO. ine. 
| 


92 BROAD STREET, BABSON PARK 57, MASSACHUSETTS 
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CRYSTAL PHOTOCELL operates 


relays without amplifier. 

Ability of this extremely small 
cadmium sulphide crystal photocell 
to operate inexpensive relays without 
an amplifier suggests its use in more 
compact, less costly photo-electric in 
struments and devices. 

Size of the new sensing element is 
only 4 in. in diameter and } in. deep. 
Yet it will deliver from 2 to 5 milli- 
amperes when exposed to light of from 
50 to 100 foot-candles when approxi- 
mately 100 volts is across cell and 
load. Further, it will respond to ultra 
violet, x-rays, and nuclear radiations 
as well as visible light and is sensitive 
to changes in intensity as low as 0.0001 
foot-candles. 

Resistance in this crystal pick-up 
decreases linearly with increase in il- 
lumination from 10 to 100 foot-can 
dles. Dark resistance is approximately 
10,000 megohms and maximum re 


| sistance variation with temperature is 


deg. C. Standard Piezo Company, 
Carlisle, Pennsylvania. 
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SOLENOID VALVES make quick 
replacement simple. 

Featuring a built-in junction box 
and quick disconnections, this new 
line of solenoid valves can be removed 
from control systems without upset- 
ting the electrical circuit. Also, valve 
manifold construction is set up to per 
mit rapid replacement of all critical 
parts—including body and spool as 
sembly—without disturbing piping on 
the main manifold block. 

The new valves are available for air 
and ether non-corrosive gas, or for oil 
and water hydraulics. They are avail- 
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able in 3-way, 4-way, two- or three- | 
position, in 4, 4, 3, and 4 inches nom- | ; \ ot i ly m | 
inal NPT sizes. Actuators include ’ 
single and double solenoid, piloted, ‘ 
hand lever, cam roller. Detent and 
spring load to center are supplied on 

3-position models. Beckett-Harcum 

Company, Wilmington, Delaware. '¢ -V 

(Circle No. 31 on reply card) e V THERMAL 

- TIME DELAY 


THERMAL RELAY 
TIME DELAY 





TYPE RO-120 
HEATER 28V 


9ET FOR 1005S 
SET FOR 55 


-ONTACTS N.O 


Contacts NO 
GY. CONTROLS 
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. ... with performance 
POWER DIGITALIZER works G -V \. features never before 
without vacuum tubes. possible 


This device converts shaft po- TH ERMAL 


sitions directly into digits. It should 
provide a flexible and highly useful More and more engi- 
link between analog and digital equip- R E LAYS neers are finding other 
ment, as well as an actuator for surn- 
mary punches, relays, and similar 


equipment. 
High power capacity comes from 


uses for these precise 
and rugged units—jobs 
which thermal relays of 


vides low operating torque. And the 
lack of vacuum tubes adds to the gen- 
eral ruggedness of the device, which @ TUBE HEATER VOLTAGE REGULATION 
is only 3.5 inches in diameter and @ Miniature and Octal @ POWER SUPPLY OVERLOAD PROTEC- 
5.7 inches long. EE Division, Oerli- Sizes ale) 
kon Tool S Arms Corp. of America, @ Hermetically Sealed in @ OVER- OR UNDER-VOLTAGE ALARM 
Asheville ,North Carolina. Metal Shell OR CUT-OFF : 
(Circle No. 32 on reply card) © Adjustable and Non- © LOW OR HIGH FREQUENCY CUT-OFF 
Adjustable 
@ Heater Voltages up to 
230 Volts 
SMALL DIAMETER BELLOWS ©@ Fully Temperature Com- 
have high pressure rating. pensated 
Better methods are held respon- @ Suitable for Military 
sible for a line of tiny, precision metal and Industrial Use 
bellows which should be welcomed by 
engineers involved in the design of 
miniature instruments and compon- 
ents. These bellows run down in Only G-V offers complete 


size to 4 inch diameter, with a wall technical data and helpful 


thickness of only .002 inch. They Greatly expanded production fa- % engineering cooperation on 
will, however, withstand an external cilities assure prompt deliveries. THERMAL TIME DELAY RELAYS 
pressure as high as 2300 Ibs. 
Materials used are brass, phosphor ess 7 : ‘ 
bronze, beryllium copper, and monel. Write for bulletin and help with your particular problems. 
Quantity production is claimed to 


make their price attractive. Bridge- G-V CONTROLS INC. 22 Mollywood Plaza 


port Thermostat Division, Robertshaw- East Orange, New Jersey 
Fulton Controls Company, Bridge- 
port, Connecticut. 

(Circle No. 33 on reply card) 


such as: 


separating digitalizing and power cir- seal the usual bi-metal de- 
cuits. Ball bearing construction pro- Sa coe, sign often cannotdo... 
Peataee 


@ Unequalled for Rugged- 
ness and Precision 

















U. S. and Foreign Patents Pending 
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Write today for your free 
copy of this Technical Paper. 


Electrical Noise in 
Wire-Wound Potentiometers 


BY IRVING J. HOGAN 


Research and Development Division 
Helipot Corporation 


Presented at the 1952 WEST COAST LR.E. CONVENTION 


387 


ns ERRENR TNE 
A [*] ipot. 
: SNA ae) first in precision potentiometers 
Helipot Corporation / South Pasadena, California B 
@ division of BECKMAN INSTRUMENTS, INC. 


INSTRUMENTATION by R A H M 


potentiometer type transducers 
for use at temperatures between — 60°C. and +160°C. 
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Designs available permit single for 

or multiple range linear output « PRESSURE 
from non-linear input function, ALTITUDE 
and operation over wide ranges AIRSPEED 


of environmental conditions. 


¢ ACCELERATION Designs available for 
e PRESSURE SWITCHING operation to 285°C. 
¢ ALTITUDE CONTROL 





Request Catalog +653. 


RAHM INSTRUMENTS, INC. 


12 WEST BROADWAY, NEW YORK 7, N. Y. 
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MAGNETIC SERVO AMPLIFIER 
has one-cycle response. 


Here is a neatly styled magnetic am- 
plifier which features one-cycle re- 
sponse. It thus appears well suited for 
many medium performance indicating 
or position type servomechanisms that 
need no pre-amplification. Addition of 
a simple pre-amplifier would suit it for 
control systems that demand great ac- 
curacy. 

One-cycle response actually insures 
the widest possible output band-width 
consistent with use of 60 cps as power 
supply frequency. ‘This removes many 
of the stabilization problems which 
formerly marred magnetic amplifier 
performance in servo systems. 

The new unit delivers 10 watts re- 
versible phase output for reversible 
phase ac or reversible polarity de in- 
put. Polytechnic Research & Develop- 
ment Co., Inc., 202 Tillary Street, 
Brooklyn 1, New York. 
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MAGNETIC FLUID transmission 
for link in servo systems. 
Magnetic clutches act as sinews in 
this variable-torque, selective rotation 
transmission which can function be- 
tween prime mover and load in a servo 
actuator. It displays unusual power— 
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350 inch pounds at output shaft—in a 
compact package. The device meas 
ures 14-by-83-by-4} in. and weighs 
37 pounds. 

Clutch elements are side-by-side in 
the unit and drive in opposite direc- 
tions from input shaft and _back-to- 
back gearing. Output to shaft is by a 
5:1 speed reduction through pinions 
meshing with a common gear. Direc- 
tion and magnitude of transmitted 
torque depends on which clutch is 
energized and amount of d-c current. 

At the recommended input speed of 
650 rpm the clutch element will trans- 
mit 542 watts—or approximately 7 hp. 
This offers an unusual power gain of 
31 in a fairly small unit. Raymond En 
gineering Laboratory, Inc., Middle- 
town, Connecticut. 
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PRECISION CAMS designed in 
“package” for users. 

Individual engineering goes into 
these highly m: ichined cams—offered 
individually or in “package” form, 
complete with followers and gearing to 
meet the user's specific itions. 

I'wo major types of cam are offered 

three-dimensional and _ single-input. 
Ihe former is designed to simulate an 
irbitrary function, formed by two in 
dependent variables. Bomb character- 
istics and navigational data are typical 
functions which have been cut. The 
single-input cams are designed to beat 
a non-linear relation to another single 
motion or function. These simulate 
logs, ballistic data, trigometric func 
tions in output. 

\s can be gathered from the above, 
these cams could serve especially well 
“memory” devices for analog com 
puters and similar systems. Ford In 
strument Company, 31-10 Thomas 
Avenue, Long Island City, New York. 
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FEEDBACK FANCY 
Needed: Automatic hearing-aid con- 
trol] 
Suggested: Simple feedback that mod- 
ifies input inversely to sound could 


mute loudmouths, tune-in whisperers 
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BIDDLE Yscrcment Wes 


See These NEW BIDDLE PRODUCTS 


at the International Instruments Show 


FRAHM® RESONANT REED RELAYS AND OSCILLATORS 
A team of ihstruments. for ntrolling, signaling, monitoring, speed protection 


ing. (BULLETINS 33-CE and 34-10-CE) 


BIDDLE IMPULSE CABLE FAULT LOCATING TRANSMITTER 
Model 5, 5 KV, 16 MUF for proof testing and locating faults on important ¢ able in the 
2500 voh delta and 4000 ml wye insulation class. (Bl LLETIN 65-CE) 


ind frequency matc! 


BIDDLE CORONA TESTING EQUIPMENT 
for non-destructive evaluation f electrical insulation. Safe, simple and 


(BULLETIN 66-CE) 


BIDDLE MOTOR AND PHASE ROTATION TESTER 


fo. determining direction of rotation of electric motors before they are connected 
to the line. Also, to determine phase rotation or sequence of energized power cir- 
cuits. (BULLETIN 80-CE) 

BIDDLE DIELECTRIC TEST SET 

Model 1-40 KV for mea d current at voltages up to 10 K\ 


the insulatior is I quipmen is generators, transformers, bushings 


(BULLETIN 22.CE) 


Does not require engineering 


Biddle Instruments and miscellaneous laboratory equipment cover a wide field of 
electrical and scientific testing, measuring and experimental work. Our research and 
development engineers are constantly working to bring you accurate and dependable 
instruments to better meet the mounting problems of this fast moving age. Basic prod- 
ucts in the Biddle line include Megger® Electrical Testing Instruments for measuring 
insulation resistance, Ohmmeters for low resistance test ind Ground Testers; the 
Biddle lonization Test Set; Transformer Turn Ratio Test Set; Frahn Resonant 
Reed Tachometers, Relays and Frequency Meters; Jagab ind Dr. Horn Tachometers;: 
Jagabi Rheostats; Pointolite Lamps; Kipp & Zonen Gal 
Write for BULLETIN 19-54-Cl 


VISIT BIDDLE BOOTHS 711-713 AT THE ISA SHOW 
JAMES G. BIDDLE Co. 


ELECTRICAL TESTING 
INSTRUMENTS 
o : 
SPEED MEASURING 33 :4-10-C] 65-CI 
INSTRUMENTS B0-CE [) 22-CE [j 19-54-Ct 
J 
LABORATORY & SCIENTIFIC 
EQUIPMENT 


ymeters, ete 


St., Phila 


1316 ARCH STREET, PHILADELPHIA 7, PA. 





MECHANICAL 
FEEDBACK 


CONTROL LINKAGES 





The unusual cable shown above 
is Teleflex—the unique ‘“‘flexible 
rack” that is helping to solve 
mechanical motion problems in 
servomechanism design. 


Take an example in the jet 
engine field... 


PROBLEM: A highly accurate mechan- 
ical feedback linkage is required to 
complete a servo system loop. One end 
of the system is exposed to a 350°F 
ambient temperature. 


SOLUTION: A special control box was 
designed, with a hobbed wheel to 
engage the Teleflex cable. A spring- 
loading feature allows for a selection 
of spring loads up to 25 pounds, 
applied in either direction, depending 
on the individual mounting arrange- 
ment or system load. One system over 
100 inches long, with 270° of bend, 
had only .022 inches of backlash. 
Under more favorable bend and length 
conditions, another system held back- 
lash down to .005, using a similar 
control box. 


Teleflex tubular conduit, routed 
along contours and around 
obstructions, guides the cable to 
remote locations, duplicating the 
motion at both ends of a system. 





DESIGN ENGINEERS— 
Complete descriptive infor- 
mation is in Catalog 500 L. 
Write for your copy to Tele- 
flex, Incorporated, 125 S. 
Main St., North Wales, Pa. 
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Automatic scale 
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Weigh-beam 
extépsion 


Remote recorders 
and indicators 
\ 
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Dial 
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Weigh 
hopper 














REMOTE INDICATORS meet 
automatic weighing. 


Miniature indicating and recording 
units were designed to meet the high 
accuracy standards demanded by auto- 
matic industrial weighing systems. 
They offer accuracies of one part in 
2,000. 

In weight control—as_ illustrated 
above—these remote units precisely 
follow a prime-mover scale. In oper- 
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high accuracy standards for 


ation, material weight to the weigh 
hopper is indicated on the dial scale 
and a 60-cycle servo system duplicates 
this reading on the remote panel. The 
servo system consists of a synchro 
transmitter, amplifier, servomotor, 
and control transformer. Richardson 
Scale Company, Clifton, New Jersey. 
(Circle No. 37 on reply card) 


RESOLVER AMPLIFIER: Characteristics of new resolver amplifier 


to work with Ketay Model D13820 resolver have just been announced. 
Ketav Manufacturing Corp.., 555 Broadway, New York 12, N. Y 


TYPICAL OPERATING 
CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS 





Phase Shift Magnitude 
(Minutes) Variation 





Frequency (cps) 

380 < f < 420 = 
Input 
Voltage 


+ 0.0062 





l4v +0.3 +0.0004 —0 





lv -i2Z +0-—0.0015 





0.29." +29 +0-—0.003 





Ambient Temp. 


—55<T< +75°C +1 + 0.001 





Frequency 400 cps 





Voltage Range % - 141 





Power 
B+ 10 w (150 v) 


Fil. 9.5 w (6.3 Vv) 





Channels 2 





Gain Margin 9 db (low and high freq. ) 





Phase Margin 35 deg (low and high freq. ) 
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FEEDBACK FANCY 


Needed: 


Some kind of arm-mounted device could sense blood factors relat- 


ing to body energy and sound the alarm. 


Suggested: 


“Fatigue indicator” that tells the busy executive when to slow 
down or take that vacation. 
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Potter &@ Brumfield 
offers you the benefits of 


20 years’ custom engineering 
... With more than 110 Basic Relay Types! 


These basic relay types have been evolved from the design (2) Lower Costs—Because these relays are already 
and production of more than 15,000 different custom relays. 

Used as they are or with slight modifications they will fit 
most any and all applications. 


tooled and manufactured in production quantities— 
a substantial cost saving is passed along to you! 


«} Fast Delivery-—Orders for standard relays can be 


Thus you are assured of: filled trom stock or with minimum delay. 


Proven Design—P & B standard relays have been Q Available through Distributors—Standard types 
field tested under all kinds of conditions, thereby available through P & B franchised Elecironic Parts 
giving long, trouble-free service. Distributors in all principal cities. 


Potter & Brumfield engineers are available for consultation on special relay problems—design or application. 


A FEW OF THE MORE THAN 110 


P&B STANDARD RELAY STRUCTURES 


POWER RELAYS two 


series—heavy and medium 
duty. For across the line 
power circuits, high current or 
high voltage switching. From 
SPST to 3PDT. 





GENERAL PURPOSE 
RELAYS For applications 
where space and weight ore 
important. Withstand high 
shock and vibration. From 
SPST to 3PDT. 
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MULTIPLE CONTACT 
RELAYS Longer coil gives 
power to actyate additional 
contacts and maintain 15 
groms pressure. From SPST 
to 3PDT. 


PLATE CIRCUIT 

ELAYS Actuate on a few 
milliwotts. Easy to adjust. 
Smoll—rugged—low in cost. 
From SPST to DPDT. 


IMPULSE RELAYS Auto- 


matic stop prevents backlash 
or overtravel. Precise switch- 
ing regardless of operating 
speed. 


TELEPHONE RELAYS 


Four series meet practically 
all telephone type relay re- 
quirements. Short armature 
movement, long armature 
arm. Many contact combina- 
tions. 





MULTIPLE LEAF 
RELAYS For multiple circuit 
switching of power loads. 
Contact springs heavy tin- 
coated phosphor bronze. 
From SPST to 4PDT. 


MOTOR STARTING 


RELAYS Voltage controlled 
to insure throwout of starting 
winding when motor reaches 
rated speed. Fast acting 
double break. 


SECRET ORR 





LATCHING RELAYS com. 
pact—high contact capacity. 
Coils for either AC or DC 
current or voltage opera- 
tions. From SPST to 4PDT. 





HEAVY-DUTY SHOCK- 
PROOF RELAYS can be 


mounted in any position. Par- 
ticularly resistant to vibration 
and shock. From SPST to 
DPODT. 





SUPER SENSITIVE 

RELAYS Operate on less 
than 10 MW. Dual coils, 10G 
vibration resistance. Wide 
versatility. One from C-SPDT. 


400 CYCLE AC RELAYS 


15 gram or higher contact 
pressure. Withstand better 
than 10G shock. Heavy cast 
mounting foot. One form A to 
2 form C 


SUPER MIDGET RELAYS 


Tiny and rugged—plug in— 
one form C. High degree of 
resistance to vibration and 
shock. 


% Th a 


SUBMINIATURE 
SENSITIVE RELAYS 
Standord 7 pin plug-in. Rug- 
gedized for vibration and 
shock. Operating power 
25MW. Contact load 2 amps. 


EERE ar OI 


MINIATURE DC 
POWER CONTACTOR 


High current contact capacity 
and rugged construction. Con- 
tact pressure approx. 250 
grams. 


ALL P & B STANDARD RELAYS CAN BE SUPPLIED WITH DUST COVERS OR HERMETICALLY SEALED CANS WITH EITHER SOLDER OR PLUG-IN HEADERS 


Potter &@ Brumfield 


Write home office in Princeton or phone your local 
P & B Sales Office for new master catalog describing 
our wide line of basic relay structures, housings and 
enclosures. Samples, recommendations and quota- 
tions promptly furnished on special applications. 
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EXPORT: 13 E. 40TH STREET, NEW YORK, NEW YORK 
SALES OFFICES IN PRINCIPAL U. S. AND CANADIAN CITIES 





PNUp ge) Vale sian 
CONTROL SYSTEMS 
for all applications 
INDUSTRIAL and MILITARY 


Typical SMI servo 
systems and com- 
ponents are illustrated. 


SERVOMECHANISMS, Inc., divides 
automatic control systems into 
s iielslelelge Mm olor tiem delaras (olalelMaelulelelal-lile mel: 
“building blocks’. . . . .servo amplifier, 


power supply, modulator, positioning 


mechanism . and neatly 


packages these components for 
ready-use in many applications. This 
“building block’ technique pro- 
Wiel Me Mieli mello M-Teelireliliae) Mul-telir: 
of synthesizing the pre-design 
components into automatic con- 
trol systems and instrumenta- 
tions. 
Servo instrumentation by the 
“building block’ technique 
provides the industrial 
designer with: 
* Installation Flexibility 
* Ease of Maintenance 
* Interchangeability 





For information on specific applications, write to 
WESTBURY, N.Y. + EL SEGUNDO, CAL. 


PUSH-BUTTON TIMER has wide 
operating range. 

This new motor-driven timer has a 
surface mounted start-stop button 
which can control an application load 


during a factory-set time interval of 
anywhere from 15 
month. 


Ihe timer is enclosed in a 24 by 24 
in. deep dust-tight housing and can 
be mounted to operate in any posi 
tion. It has quick connect terminals, 
heavy duty solid silver contacts, and 
a nylon cam. Electrical rating of its 
motor is 25 amp. at 115/60 A.C. 
Bristol Motor . Division, Vocaline 
Company of America, Inc., Old Say 
brook, Conn. 


seconds to one 


(Circle No. 39 on reply card) 


HOLDING COIL acts as switch, 
pilot, and relay. 


This new holding coil switch 
adds the function of relay to 
switching actions in a car cigarette 
lighter size. Secret of this action is a 
built-in solenoid that holds the switch 
on contact until its solenoid coil cit 
cuit is externally interrupted by 
pulling force at the switch knob. 

Switch contacts are rated for a 5 
umpere inductive load at volts de. 
Coils are 240 ohms for 30 volts d 
Hetherington, Inc., Sharon Hill, Penn 
sylvania. 


two 


(Circle No. 40 on reply card) 
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Bulletins 
& 


Catalogues 


ISSUED SINCE JUNE 15 


Here's how to get important 
literature that belongs in your 
technical library. Selected by 
the editors of Contrrot ENcI- 
NEERING, it is yours at no cost. 


a 


Circle here 
The numbers you 


select here 


(51) SPECIAL PURPOSE MOTORS. 
Kollsman Instrument Corp., Catalog, 88 
pp. Describes electrical and mechanical 
characteristics of latest developments in 
line of servo components. Items covered 
include induction motors, induction gener- 
ators, motor eT synchronous mo- 
tors, Circutrols and Teletorques. 

(52) RECORDING CONTROLLER. 
General Electric Co., Catalog GED-2100A, 
18 pp. Describes line of potentiometric 
and ac bridge recorders and recording con- 
trollers. Units feature magnetic standard. 
Pneumatic control forms give proportional 
plus reset and proportional plus reset plus 
rate control action, 

(53) OSCILLOGRAPHIC RECORDING 
SYSTEMS. Sanborn Co., Catalog includ- 
ing bulletins 1 to 11, 34 pp. Gives me- 
chanical and electrical data including fre- 
quency response on 1-, 2- and 4-channel 
recording systems, amplifiers, ac and dc 
preamplifiers, Triplexer, threshold monitor, 
galvanometer and recorder assemblies. 
(54) PROCESS STREAM ANALYZER. 
Perkin-Elmer Corp., Bulletin, 6 pp. Cov- 
ers TRI-NON analyzer for continuous in- 
plant process stream analysis. Principles 
of operation, detailed specifications and 
discussions of typical applications are in- 
cluded. 

(55) ELECTRONIC DATA PROCESS- 
ING. Remington Rand Inc., Bulletin EL 
179, 12 PP. Discusses the role of general 
purpose digital computers in automatic 
control and information systems. The 
ERA 1103 computer is described, with 
— on features that give it desirable 
real-time properties. 
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(56) HIGH-PRECISION TEST _IN- 
STRUMENTS. Wm. Miller Instruments, 
Inc., Brochure 105-5-54, 4 pp. Describes'a 
line of instruments for multi-channel re- 
cording of static and dynamic test data 
including oscillographs, galvanometers, am- 
plifiers, analog computers and function 
generators. : 
(57) CONTROLLED VOLUME PUMP. 
ING. Lapp Insulator Co., Bulletin 440, 
24 pp. Information on manual and auto- 
matically-controlled diaphragm-type con- 
trolled volume pumps. Covers specifications 
of these units and their application to 
automatic volume adjustment from com- 
mercial pneumatic instruments. 

(58) INDUSTRIAL ELECTRONIC 
COUNTER. Post Machinery Co., Bulle- 
tin, 4 pp. Contains information on a line 
of general purpose electronic instruments 
used for counting all industrial products 
that can interrupt a beam of light. Single, 
double and triple decade counters are dis- 
cussed. 

(59) CHART DRIVES. Seth Thomas 
Clocks, Catalog C. D. 5-54-3M, 8 pp. Has 
complete application data on three series 
of pneumatic chart drives. Discusses use 
of units where explosion danger or high 
cost of wiring makes use of electric chart 
drives impractical. 

(60) PNEUMATIC FLOW TRANS 


50 57 6& 71 78 

51 65 72 79 

52 66 73 80 

53 67 74 81 

54 68 75 82 
69 76 83 
70 


MITTER. Brooks Rotameter Co., Bulle- 
tin 170, 4 pp. Completely illustrated. 
Gives operating details and specifications 
of force-balance float position transmitter 
for use with all types of pneumatic re- 
ceivers and/or contro] instruments. 

(61) GERMANIUM PHOTOTRANSIS- 
TOR. Texas Instrument Inc. Bulletin 800 
describes a new n-p-n grown junction 
phototransistor with glass-to-metal her- 
metic sets. Detailed ical-mechanical 
data are given plus application informa- 
tion. 

(62) STATISTICAL QUALITY CON. 
TROL. Marchant Calculators, Inc., Book- 
let, 52 pp. Tells how statistical quality 
control using computing and calculating 
equipment has been applied to an exten- 
sive manufacturing operation. Liberal illus- 
trations and formulas indicate how to use 
this technique. 

(63) LINEAR ACCELEROMETERS. 
Statham Laboratories, Inc., Bulletin AL-1, 
4 pp. Information on a family of linear 
accelerometers for static and d ic 
measurements. Units use cubentel dude 
gage in balanced four arm bridge and can 
be used in either de or ac circuits. 

(64) CONTROL VALVES. George W. 
Dahl Co., Inc., Catalog, 36 pp. Includes 
specification sheets covering technical de- 
tails of control valves for process, aircraft 
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and marine service. Types of valves in- 
clude two- and three-way for high pressure 
or vacuum service, and pneumatically-oper- 
ated for continuous control. 

(65) PHOTOELECTRIC CONTROLS, 
Photoswitch, Inc., Bulletin PG 5360, 74 
pp. Completely illustrated with detailed 
ffustrations, this bulletin covers 46 case 
histories in which the —_ application 
of electronic and photoelectric controls 
have helped to reduce production. costs. 
Many tips are given for anyone who ap- 
plies these devices. 

(66) SCALE CONTROLS. Richardson 
Scale Co., Technical reference 53H. Dis- 
cusses indicating and recording systems for 
use with hopper scales. A complete weigh- 
ing, indicating and recording cycle is de- 
scribed. 

(67) MECHANICAL PUSH-PULL DE- 
VICES. Arens Controls, Inc., Bulletin 32. 
Application information on miniature rigid 
puch-gell controls. Uses described include 
manual reset operation of inaccessible con- 
trols, direct transmission of motion, power 
transmission and remote indications. 

(68) MICROWAVE PRODUCTS. Bo- 
mac Laboratories, Inc. Catalog, 4 pp. Lists 
detailed specifications for line of micro- 
wave products. Devices described include 
gas switching tubes, shutter tubes, hydro- 


gen thyratrons, magnetrons, duplexers and 
diodes. 

(69) METERING GAS FLOW. Build- 
ers-Providence, Inc., Bulletin 100-L5, 8 pp 
Describes the application of venturi tubes 
to measuring the flow of gas at large 
volumes or at low pressures and compares 
operation with comparable orifice plate 
installation. 

(70) DECADE COUNTER TUBE. Sy]- 
vania Electric Products, Inc., Data sheet 
6476, 4 pp. Principles of operation, speci- 
fications and application data on a multiple 
output cold akan bi-directional decade 
counter. Tube is for use in medium-speed 
decimal counting apparatus such as com- 
puters, scalers and dividers. 

(71) ELECTRONIC PROCESS CON- 
TROL. Manning, Maxwell & Moore, Inc., 
Catalog 164, 28 pp. Information on a sys- 
tem of electronic control devices for use in 
process control applications. Includes de- 
scription of a miniature recorder, indicat- 
ing control station, controller, manual 
positioner and electro-pneumatic valve po- 
sitioner. 

(72) PAPER MILL DRIVE CONTROL. 
Westinghouse Electric Corp., Catalog 
B-6073, 15 pp. Practical engineering data 
on a magnetic amplifier regulating system 
for paper mii] drives. Outlines principles 


of magnetic amplifier control and shows 
schematic diagrams and cireuits applying 
this type of control to typical drives. 

(73) HYDRAULIC AND PNEUMATIC 
CONTROLS. Barksdale Valves, Catalog 
4G, 33 pp. Contains specifications and cut- 
away illustrations of a diversified line of 
manual and solenoid operated 2-, 3-, and 
4-way pneumatic and hydraulic valves. 
Also includes data on a variety of pressure 
switches with table to assist in switch 
selection. 

(74) INSTRUMENT GENERATOR. 
Dalmotor Co., Data Sheet GPM-44A. De- 
scribes a permanent-magnet, continuous 
duty generator recommended as a pre- 
cision voltage source. Outline dimensions, 
physical and electrical characteristics, and 
operating parameters are given. 

(75) NEOPRENE RUBBER. E. I. du 
Pont de Nemours & Co., Neoprene Note- 
book 59, 8 pp. Part of a regular series. 
This issue covers engineering data impor- 
tant in the selection of rubber for appli- 
cations involving vibration or continuous 
flexing, plus several case histories of Neo- 
prene applications. 

(76) TEMPERATURE 
Burling Instrument Co., Inc., Bulletin 103. 
Describes series of temperature sensitive 
devices using difference in eoefficient of 
expansion of two solid tubes to actuate a 
switch. Can be used for on-off control of 
temperature or for high or low safety 
alarms up to 1,000 F. 

(77) MICROWAVE GAS TUBES. 
Roger White Electronic Devices, Inc., Bul- 
letin A-20, 6 pp. Information on operat- 
ing principles and uses of microwave gas 
control tubes, including applications as 
absorption attenuators, reactance modula- 
tors and switches, and phase shifters. 

(78) TUBE FITTINGS. Special Screw 
Products Co., Bulletin K-151, 8 pp. Con- 
struction, application and installation data 
on a line of stainless steel fittings featuring 
metal-to-metal seals reinforced with Teflon 
gaskets. 

(79) POWER SUPPLIES. Dressen- 
Barnes es Catalog, 4 pp. Describes a 
variety of closely pre. Ol dc power su 
plies for research and development appli- 
cations. Performance data, curves and 
physical characteristics are given for ten 
models. 

(80) TEMPERATURE INDICATOR. 
Beckman & Whitley, Inc., Data Sheet 
196. Information on several types of 
thermistor temperature indicating instru- 
ments. Details on mounting thermistor 
sensing element in an aspirated shield, 
Thornthwaite shield, probe and _ aircraft 
wing-mounted shield are given. 

(81) SOLENOID VALVES. Eclipse Fuel 
Enginering Co., Bulletin M-500, 4 pp. 
Includes details on the design and perform- 
ance characteristics of a line of diaphragm 
operated solenoid valves. Specifications 
cover valve use in control and cycling oper- 
ations on equipment using a variety of 
liquids and gases. 

(82) RESISTANCE ELEMENTS. Inter- 
national Resistance Co., Bulletin T-1, 4 
pp. Comprehensive data on tolerances, re- 
sistance values, power and voltage ratings, 
machining techniques, and temperature 
and voltage coefficients for resistance strips 
and concentric disc resistors. 
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Universal Math Wrench 


RELAXATION Metuops. D. N. de G. 
Allen, Reader in Applied Mathematics, 
Imperial College ot Science and Tech- 
nology, University of London, 6 by 9 
in., 257 pp. Published by McGraw- 
Hill Book Company, Inc., 330 W. 
42nd St., N. Y. 36, N. Y. $7.50 


Describing a versatile method of 
problem solution not well known in 
this country, this book is written by an 
expert on the subject. The first appli- 
cation of this powerful computational 
procedure was made by Sir Richard 
Southwell of the University of Oxford 
in 1935. Its fundamentals extend into 
the theory of finite differences and 
overlap other mathematical methods. 
This is the first book which shows the 
reader how to use the techniques of 
relaxation, instead of merely describ- 
ing what relaxation can achieve. 

Simple simultaneous linear alge- 
braic equations are used to introduce 
the fundamental concepts of relaxa- 
tion. The method is gradually devel- 
oped to its maturity as one of the most 
convenient means available to the 
mathematician for the solution of 
higher-order partial differential equa- 
tions. 

Recent advances discussed in no 
other book include: three-dimensional 
relaxation; solution of the heat-con- 
duction equation; the extension of the 
solution of other field equations to 
cases where the area of integration is 
not singly connected; and a method of 
solving eigenvalue problems. 


Engineering Economics 


Business, LEGAL, AND ETHICAL 
PHASES OF ENGINEERING. D. T. Can- 
field, Professor of Electrical Engineer- 
ing, Purdue University and J. H. Bow- 
man, Professor of Electrical Engineer- 
ing, Purdue University, 6 by 9 in., 365 
pp. Published by McGraw-Hill Book 
Company, Inc., 330 W. 42nd St., 
N. Y. 36, N. Y. $6.00 


This is a second edition of a success- 
ful text which teaches engineering eco- 
nomics to the engineer. The new 
edition has been generalized, and is 
applicable to all fields of engineering. 
The chapters on Accounting and Pat- 
ents have been almost entirely rewrit- 
ten. Two have been added: “Business 
Organizations” and “Stocks, Bonds, 
and Notes.” Proprietorships, Partner- 
ships, Corporations are discussed. 

The book has four parts: 1) Busi- 
ness Economy, 2) Cost Determination, 
3) Business Law, and 4) Engineering 
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BOOKS 


Procedures. Typical chapter heads are: 
Money, Interest and Discount; Annui- 
ties and Sinking Funds; Insurance, 
Bond Interest and Amortization; under 
“Business Economy.” “Cost Determi- 
nation” chapters include: Distribution 
Factors; Financial Reports and Rec- 
ords; Allocation of Burden, or Over- 
head; and Public Utility Rates. Law 
and The Courts; Contracts of Com- 


merce; Lawful Subject Matter; and | 


other chapters are under “Business 
Law.” ers a 
neering Bids and Specifications; Pat- 


Part four chapters are: Engi- | 


ents, Copyrights, and Trade-Marks; | 
Insurance, Industrial Hazards, and Em- | 
ployment Compensation; The Practice | 


of Engineering; and Engineering as a 
Profession. 


All About Pots 


TIC PoreNTIOMETER HANDBOOK. 6 by 
) in., 207 pp., Published by Technology 
Instrument Corporation, 531 Main 
Street, Acton, Mass. $2.00 


This loose-leaf handbook gives a de- 
tailed treatment of nearly 21] phases of 
potentiometer theory, design, _per- 
formance, and application. The book 
is well illustrated, and includes within 
the same binder a catalog of Tech- 
nology Instrument Corporation’s po- 
tentiometers. 

The first three sections describe pre- 





cision potentiometer terms and illus- | 
trate potentiometer component parts. | 


Cutaway drawings clearly show struc- 
tural details. 


Potentiometer performance charac- 


teristics, such as linearity, conformity, 
resolution, noise, power rating, fre- 
quency response, corrosive 
mechanical acceleration, and operating 


effects, | 


life are treated in Sections 4 through 7. | 
The design, construction, and per- | 


formance of both linear and nonlinear 
potentiometers are presented in detail 
in Sections 8, 9 and 10. Particular 
emphasis is given to the different 
methods for generating precise non- 
linear functions with potentiometers. 
Section 11 deals with the methods 
for mounting and ganging potentiom- 
eters, and Section 12 describes such 
special potentiometer designs as multi- 
turn, slide wire, translatorv, and differ- 
ential potentiometers. The principle 
of operation of each of these types 
is clearly illustrated. Section 13 is a 
bibliographv of the books, periodicals, 
papers, and specifications that com- 
prise the principle literature in the 
field of precision potentiometers. 
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SOLIS LEVEL CONTROL 


W/C Weighing Scale 


PNEUMATIC-PLATFORM TYPE 
3 


For batch or continuous weighing 
of solids or liquids 


For remote indication or continu- 
ous flow control 


With accuracy above 0.25% of 
range 

Highly sensitive, extremely rugged 
No springs, knife edges, or levers 


Unaffected by off-center loading 
on platform 


e Unaffected by vibration 


WRITE FOR Catalog whicl. gives 


complete details, engineering 


drawings, and calibrat 
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“MONOBALL” 


Self-Aligning Bearings 


ROD END 
PLAIN TYPES TYPES 


: : PATENTED U. 


All World Right 


CHARACTERISTICS 





EXT. 
INT. 
SA 
eerved 


ANALYSIS RECOMMENDED USE 


Stainless Steel For types operating under high tempers 
Ball and Race ature (800-1200 degrees F.). 


Chrome Molly For types operating under high radial 
Stee! Ball and Race ultimate loads (3000-893,000 Ibs.). 


Bronze Race and For types operating under normal loads 

Chrome Molly Steel Ball (with minimum friction requirements. 
Thousands in use. Backed by years of service life. Wide variety 
of Plain Types in bore sizes 3/16” to 6” Dia. Rod end types in 
similar size range with externally or internally threaded shanks. 
Our Engineers welcome an opportunity of studying individual 
requirements and prescribing a type or types which will serve 
under your demanding conditions. Southwest can design special 
types to fit individual specifications. As a result of thorough 
study of different operating conditions, various steel alloys 
have been used to meet specific needs. Write for revised Engi- 
neering Manual describing complete line. 


SOUTHWEST PRODUCTS CO. 


1705 So. Mountain Ave. - Duarte, California 
(2OS: ANGELES COUNTY) 








Induction Relays 
Relay Switches 
[Signals and Alarms 
Control Panels 
A.C. Solenoids 


Magnetic 
Contactors and 


LIQUID LEVEL and = @ __ Starters 


INDUSTRIAL CONTROLS 


' The B/W organization has acquired a broad, 

Practical experience in the design, application 
and operation of B/W controls in a wide variety 
of fields and industries. This experience, com- 
bined with quality materials, expert workman- 
ship and sturdy construction has enabled us to 
design and build specialized control systems that 
have earned an enviable reputation for depend- 
able performance. 
Hundreds of engineers, industrial plants and 
equipment manufacturers have made B/W con- 
trols the accepted standard for controlling liquid 
levels and for a great variety of other industrial 
applications. We will be glad to discuss your con- 
trol problems with you. Our experience is at 
your service. 


catatog «B/W CONTROLLER CORPORATION 


Mailed on request. 2200 East Maple Road 
Correspondence regard- BIRMINGHAM DEPT. CE MICHIGAN 


ing specific matters re- 
ceive prompt attention. 


FIRST IN THE FLOATLESS CONTROL FIELD 
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The price includes periodic releases 
of new technical information on pre- 
cision potentiometers. 


Magnetic Controllers 


Macnetic-AMPLIFIER Circuits. Wil- 

liam A. Geyger, Magnetics Division, 

U. S. Naval Ordnance Laboratory, 

White Oak, Silver Spring, Maryland, 

6 by 9 in., 277 pp. Published by 

McGraw-Hill Book Co., 330 W. 42nd 

St., N. Y., 36 N. Y. $6.00 

The fundamental principles, char- 
acteristics, and applications of mag- 
netic-amplifier circuits are expounded 
in this book. It develops basic and 
more complex circuit arrangements, 
emphasizing experimentally observed 
phenomena and avoiding extended 
mathematical considerations and cum- 
bersome proofs. It uses descriptive and 
graphical methods to give a qualitative 
and quantitative interpretation of the 
essential facts. 

Chapter 1 gives a classification of 
saturable-core devices and reviews the 
history of magnetic amplifiers. Chapter 
2 describes magnetic core materials, 
different kinds of core construction, 
winding arrangements, and _ various 
types of rectifier devices, as used in 
magnetic-amplifier circuits. In Chap- 
ters 3 to 16, the book presents a sys- 
tematic description of the numerous 
types of magnetic-amplifier circuits: 
non-feedback circuits, single-stage and 
multistage circuitry utilizing external 
or internal feedback, and special cir- 
cuits using critical regeneration or de- 
rivative feedback, etc. 

Chapters 17 and 18 discuss the 
technical properties, transient response, 
and typical applications of magnetic 
amplifiers, particularly those in instru- 
mentation, in servomechanisms, in 
regulators and automatic control de- 
vices, and in electronic arrangements. 


Differential Equations 


ELEMENTARY DIFFERENTIAL Egua- 
tions. Lyman M. Kells, Professor of 
Mathematics, U. S. Naval Academy, 
6 x 9 in., 266 pp., Fourth Edition. 
Published by McGraw-Hill Book Co., 
330 W. 42nd St., N. Y. 36, N. Y. 
$4.00 


This is a new edition of the famous 
text dealing with the solution of the 
types of differential equations most 
important to the engineer. It has been 
thoroughly revised to emphasize 
theory with increased simplicity. Most 
of the discussions have been rewritten 
and expanded. Nearly all the lists of 
problems have been revised for quicker 
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comprehension and increased value. 

This book is noted for its discus- 
sions of practical applications of dif- 
ferential equations. Chapters describ- 
ing a particular kind of equation, its 
mathematical properties, and methods 
of solution are followed by chapters de- 
tailing engineering application of the 
equation. For example; following the 
chapter on “Linear Differential Equa- 
tions with Constant Coefficients,” 
there is a chapter dealing in some de- 
tail with harmonic motion, damping, 
forces, acceleration, vibratory motion, 
and resonance. 


Atomic Optics 


Optica, INSTRUMENTATION. Edited 

by George S. Monk, Associate Profes- 

sor Emeritus of Physics, University of 

Chicago, and W. H. McCorkle, Direc- 

tor, Laboratory Research Reactor Op- 

erations Division, Argonne National 

Laboratory, 6 x 9 in., 262 pp. Pub- 

lished by McGraw-Hill Book Co., 330 

W. 42nd St., N. Y. 36, N. Y. $3.75 

This volume is one of a series which 
has been prepared as a record of the 
research work done under the Man- 
hattan Project and the Atomic Energy 
Commission. During the short period 
between the start of the Optics Sec- 
tion of the Metallurgical Laboratory in 
the fall of 1943 and its disbandment 
in the summer of 1945, the Section 
was Called upon to design and build 
many dozens of optical instruments 
for remote control in irradiated areas. 
Practically all of these were to be used 
under conditions never before encoun- 
tered, and materials suitable for these 
conditions either did not exist or were 
not at all plentiful. 

Part I of this volume presents the 
fundamental requirements as they ap- 
peared at the time and the general 
way in which they were met. Part II 
is a series of condensed reports describ- 
ing typical instruments which were 
built and certain technical processes, 
the study of which was essential to 
the work of the Section. 

Part I is titled “Survey of Optical 
and Associated Problems.” Chapters 
are: Optical Problems in the Metal- 
lurgical Project; Optical Instruments 
for Viewing in Irradiated Areas; and 
Miscellaneous Instruments and Serv- 
ices of the Project Optical Section. 
Collected papers in Part II include: 
Design of a Kellner-type Plastic Objec- 
tive; Achromat with Positive Element 
of Two Plastic Field Lenses; and Mis- 
cellaneous Notes on Coloration of 
Optical Materials; Waterproof Ce- 
ments and Their Suitability in Optical 
Construction. 
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New 


opportunities 


for 


MATHEMATICIANS 


as 

Applied Science 

Representatives 
with 


These are excellent positions 
requiring top level work as 
consultants and educators in the 
application of IBM electronic 
computing equipment to the most 
challenging problems of business 
and science. 


The opportunities for growth in 
this vast new field are exciting. 


Employment assignments are 
available in major cities throughout 
the United States. 


Good salaries, excellent working 
conditions, exceptional employee 
benefits. 


Minimum requirements: Major 

or graduate degree in Mathematics, 
Physics, or Engineering with 
Applied Mathematics equivalent. 
Desirable, but not required: 

Previous experience in teaching 
applied mathematics and use of 
automatic computing equipment. 
Write, giving full details, 

including experience and education, 
to 

Dr. C. C. Hurd, Director 

Applied Science Division 

Room 106 


INTERNATIONAL BUSINESS MACHINES 


590 Madison Avenue 
New York 22, N. Y. 








FEEDBACK CONTROLS, INC, 





engineers and 
develops 
automatic 
control 
systems 


Feedback Engineers are engaged in the com- 
plex problems of the computer and control 
fields. Feedback components are building 
blocks that allow engineers to quickly trans- 
form their ideas to physical counterparts. 
Quick delivery, expert technical information, 
and original thought provide Feedback cus- 
tomers with the ultimate in service. 


PACKAGED SERVO SYSTEMS 


A new approach to the development and 
fabrication of computers and control sys- 
tems . . . Closed systems completely en- 
gineered for inclusion in your computers. 
May be stocked for immediate use when re- 
quired. This relieves you of the engineering 
time required to design such systems and 
the waiting time for components and con- 
struction. 


ELECTRO MECHANICAL INTEGRATION 


Computations involving differential equations 

- — — using the Feedback Integrator. 
or further ormation write for En 

Bulletin X-210. vee ee 


ARC TANGENT SOLUTION 
The Feedback Arc Tang 
polar coordinates from rectangular iaputs. For 


further information write for Engineering Bul- 
letin #X-218. 


TWO SPEED SYSTEM 


The system is complete in one amplifier which 
selects the proper signal and drives the control 
motor without the use of relays or demodula- 
tors. For further information write for Engi- 
neering Bulletin X-208. 


POSITION SERVO 


Perhaps, the most general of all computing 
servos. The solution involves the positioning of 
the output shaft to an input voltage. For fur- 
ee write for Engineering Bulletin 





SERVO AMPLIFIERS 

With damping, gain, and carrier phase controls 
the A60-5E is truly a universal amplifier that 
can be adjusted for best performance for any 
load, gearing ratio, and data system. 


MAGNETIC AMPLIFIERS 


Feedback presents a line of standard amplifiers 
hermetically sealed and packaged for the fabri- 
cation of pact, tubeless, and maint 

free servo systems. 


FEEDBACK GEAR TRAINS 

Highly precise gear trains with integral limit 
stops and slip clutch. Engineered for minimum 
blacklash and low friction losses. 

MULTIPLE & SINGLE SPEED DIALS 


Multiple speed dials or single speed dial avail- 
able in all gear train models. The dials are 
integrally constructed within the gear housing 
and easily visible. 


* Contains own light source 
Available to engineers everywhere 


FPEEDBACK CONTROLS, INC, 








503 RHODE ISLAND AVE. N.E. 
WASHINGTON 2, D. C. 


ADdams 2-4247 
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Sampled-data Techniques 


From “Sampled-Date Processing 
Techniques for Feedback Control 
Systems” by A. R. Bergen and ]. R. 
Ragazzini, Electronics Research 
Labs., Columbia University. Paper 
presented at the AIEE Pacific Gen- 
eral Meeting, Los Angeles, Califor- 
nia, June 1954. 


Sampled-data feedback control sys- 
tems are being used more often. Digi- 
tal computers, time-shared data-trans- 
mission links, and radar data-gather- 
ing devices used as control elements 
catalyze this growth. 

The controlled plant is generally 
represented as a continuous linear de- 
vice, often having transfer lags. Sta- 
bilization and shaping of a feedback 
control system for such a plant, where 
data are sampled at one or more points 
in the system, is a central problem. 
Prior methods have utilized linear net- 
works in cascade with the plant which 
shaped the plant transfer function to 
give acceptable performance. An al- 
ternate method is to process the data 
samples themselves, in a computer or 
processing unit, to produce an output 
pulse sequence which stabilizes and 
shapes the over-all system response. 

The sampled-data processing unit 
is a device interposed between the 
summing point and the actuating sig- 
nal to the controller, which operates 
by storing a number of error samples 
received from the summing point, 
does the same with past samples of 
its own output, weights them in a 
specified way, and delivers the modi- 
fied output as an actuating signal to 
the system controller. Such a proc- 
essing unit operates only during the 
sampling interval. The processing 
unit, then, compares the result of a 
past output with that output and the 
desired result, and modifies the new 
output accordingly. Such a device 
can make the response of a system 
conform with desired specifications. 

In theory, it is always possible to 


design a sampled-data processing unit 
to synthesize an internal transfer func- 
tion which results in an overall trans- 
mission by the prototype functions 
with a finite settling time. A number 
of practical considerations, however, 
may make the realization of such func- 
tions impossible or impractical. The 
paper describes two major limitations 
mathematically, and gives an illustra- 
tive example. The first restriction is 
the physical one represented by satu- 
ration in the plant. It may be re- 
stated: the input error sequence ap- 
plied to the plant cannot be allowed 
to exceed a certain maximum value. 
If it does, the plant will not respond 
linearly, and will, in effect, limit the 
output. The second limitation is the 
mathematical one brought about be- 
cause the processing unit cancels un- 
desired poles or zeros in the pulsed 
plant transfer function and replaces 
them with desired poles and zeros. 
Since it is not always possible to ob- 
tain perfect cancellation of the un- 
wanted poles and zeros, and since 
imperfect cancellation might result 
in system instability, certain limita- 
tions in design are evolved. 

The paper concludes with considera- 
tions of implementation of these proc- 
essing units. 


Measure Transfer Functions 


From “Self Oscillation Method 
for Measuring Transfer Functions” 
by J. C. Clegg and L. C. Harris, 
Dept. of Electrical Engineering, 
University of Utah. AIEE “Trans- 
actions” Paper No. 54-284. 


Transfer function data are obtain- 
able without the use of a separate 
sinusoidal generator or driver if the 
system is allowed to oscillate and thus 
supply its own driving force. Further- 
more, measurement of magnitude and 
phase is unnecessary. The frequency 
of oscillation must be measured, but 
this quantity is easily and accurately 
observed. 

Cascading the unknown system with 
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an auxiliary, calibrated system, and 
including both within a feedback loop, 
produces the overall response: 


Gr 

& 7 + Gr’ (1) 
where Gr is the transfer function of 
the composite system. When the sys- 
tem is in steady-state oscillation, 0, is 
finite and @, is equal to zero; the de- 
nominator of equation (1) must be 
equal to zero, i.e., 


1+ Gr =90, (2) 
but 

Gr = GG, 
therefore 


(4) 


If the composite system is allowed 
to oscillate, the unknown transfer func- 
tion G is related to the known or cali- 
brated transfer function G, as shown 
by equation (4). The calibrated system 
has phase shift and attenuation char- 
acteristics which are adjustable, and 
which are known for every frequency 
of oscillation. The calibrated system 
also contains a saturating element to 
control the amplitude of oscillation. 
The transfer function of the non-linear 
element is readily found by describing 
function concepts. 

Changing the phase shift character- 
istics of G, controls the frequency of 
oscillation. The level of saturation in 
the saturating element controls the 
amplitude of oscillation. But, if the 
system under test contains significant 
non-linearities, then the level of satu- 
ration will affect the frequency of 
oscillation and the phase control will 
alter the amplitude of oscillation. 

The adjustable attenuation charac- 
teristics of the calibrated system must 
in general, include an amplifier to 
get both positive and negative at- 
tenuations. In use, the attenuation 
level is set for a stable oscillation in 
which the signal does not swing exces- 
sively into the saturation region of the 
saturating element. 


Regulating Power Frequency 


From “Performance of a Constant 
Speed Drive” by E. W. Gilroy, 
The Glenn L. Martin Company. 
Paper presented at the AIEE Pacific 
General Meeting, Los Angeles, 
California. 


The main propulsion engines are 
the obvious source of all power (ex- 
cepting batteries) aboard an airplane 
in flight. They are also naturally poor 
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High Voltage Connectors 


with 15 Contacts 


This new connector is designed for critical high volt- 
age applications, and use with AN-36 fittings. Three 
high voltage center contacts are easily removed to 
permit more convenient wiring. Outside contacts 
are available in choice of two sizes to accommo- 
date #16 or #20 AWG wire. 


Precision machined socket and pin contacts of 
spring temper phosphor bronze and brass respec- 
tively, are gold plated over silver for low contact 
resistance and easy assembly soldering. Insulating 
materials are mineral filled Melamine, Plaskon Rein- 
forced (glass) Alkyd 440 or Diallyl Phthalate — 
mineral or orlon filled. 


For complete illustrated engineering literature, and 
assistance on special or unusual connector prob- 
lems, write Dept. CHV-9, DeJur Amsco Corporation, 
45-01 Northern Bivd., Long Island City 1, New York. 


Electronic 
Sales # 
Division 


45-01 NORTHERN BLVD., LONG ISLAND CITY 1,N. Y. 
*World’s largest manufacturers of miniature precision connectors 
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ultra- 
sensitive 


relays 


eliminate need for vacuum tubes in 


BARBER 
COLMAN 


many electronic, servomechanical 


and photoelectric circuits 


ss.in sensitivities ranging 


from 50 microwatts to 1 milliwatt 


Ideal for hundreds of industrial 
applications, Barber-Colman 
“Micro-positioner” d-c polarized 
relays are extremely sensitive, 
stable, and vibration resistant. 
High-speed response—can be op- 
erated in excess of 100 cps. Avail- 
able in a wide range of coils, 
enclosures and mounting details. 
Extensively used in balance-de- 
tecting bridge circuits and as plate 
current relays in electronic appli- 
cations. 


Write today for Bulletin F3961-2 


BARBER-COLMAN COMPANY, 
Dept. 1, 1448 Rock St., Rockford, Illinois 
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driving sources for ac generators. Con- 
stant driving speed to the generator 
is a requirement of constant-frequency 
a-c power, and airplane engines vary 
speed drastically. A hydraulic-mechan- 
ical constant-speed drive smooths main 
engine speed variations independently 
of changes in electrical load on the 
generators. The drive described is, the 
author believes, the second of its gen- 
eral type involving an “in production”’ 
airplane, and has logged over 6,000 
hours of operation. 

The electrical system associated with 
the drive application is a three-phase, 
115/200-volt, 400-cycle system in a 
two-engine patrol airplane. Main elec- 
tric power sources are two 40-kva, 
6,000-rpm ac generators driven from 
the main engines via the constant- 
speed drives, and capable of operating 
singly or in parallel. 

The drives are the close-coupled 
differential-action type of variable-ra- 
tio hydraulic-mechanical transmission. 
The method of speed governing is 
different from that previously used 
for this type of generator drive. Gov- 
erning occurs at the drive transmis- 
sion and is basically independent of 
the electrical control used for close 
regulation of output speed and torque. 
The governor is a mechanical type 
of hydraulic control valve, spring- 
biased and flyball-operated. Speed 
sense comes from the output of the 
transmission. 

A secondary spring, located inside 
the main governor biasing spring, is 
cam-driven by a small two-phase servo- 
motor for trimming the drive output 
speed. Operation of the motor pro- 
vides the desired small change in the 
total spring reference and thereby a 
change in the regulation point of the 
governor. Control for the trimmer 
motor is a magnetic amplifier oper- 
ating on voltage and current signals 
from the generator being driven. The 
magnetic amplifier is regulated by a 
frequency discriminator circuit and a 
load equalizing contro] circuit. The 
load control circuit is used during par- 
allel operation of two generators. Drive 
speed and load sharing can also be 
monitored manually. 

Drive speed regulation under sta- 
bilized conditions is within 4 per cent 
of the selected speed setting (nor- 
mally 6,000 rpm for line frequency 
of 400 cps) for all conditions of design 
load and overload, and for input speeds 
from 2,600 to 9,500 rpm. This ac- 
curacy of speed regulation is obtained 
by the frequency discriminator control. 
The basic flyball governor characteris- 
tic, unmonitored by the trimming 
control, would result in a two- or three- 
cycle droop during warm-up as well as 








Pump Controls 

Duplex Pump Alternators 
High and Low Level Cutoffs 
High and Low Level Alarms 
Multi-Level Signals 

Liquid Metering 

Special Controls and Panels 


Listed by 
Underwriters Laboratories 


Write for 
32-Page Catalog 


CHARLES F. WARRICK CO. 
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tubular plastic 
wire markers 
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Permanent Smooth Surface 
Installation Time Reduced 
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DEW POINT 


HYGROMETER 


(PATENTS PENDING) 

A new, versatile instrument for 
measuring the precise temperature 
at which a cond ble comp t 
of a gas mixture will form a dew 
er frost. For corrosion control in 
metallurgical processes, humidity 
control in air conditioning, compo- 
sition control in process gases, gas 
transmission and storage, moisture 
measurement in dryers, wind tunnels, 
and high-altitude chambers, etc. 











Send for 
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®@ Measures from — 50°C to +18°C. 
® Accurate to 1° C. 
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® Rapid response. 
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11201 W. PICOBLVD., LOS ANGELES 64 
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a four-cycle droop under full load 
conditions. 

The paper includes detailed and 
frank discussion of laboratory and 
service experience, and concludes by 
suggesting the areas where further ef- 
fort should be extended to improve 
reliability and performance standards. 


Impulse-Response Design 


From “The Design of Sampled- 
data Feedback Systems” by G. V. 
Lago, Dept. of Electrical Engineer- 
ing, University of Missouri, and 
]. G. Truxal, School of Electrical 
Engineering, Purdue University. 
AIEE “Transactions,” Paper No. 
54-283. 


The sampling process both simpli- 
fies and complicates the design of the 
control system. Because the loop is 
closed only during the sampling times, 
the system operates most of the time 
open-loop, and evaluation of the re- 
sponse is a simple open-loop analysis 
problem. ‘The intermittency of the 
closing of the loop, however, intro- 
duces stability problems nonexistent 
in the continuous system. 

By its very nature, a sampled-data 
system should be more easily analyzed 
than the corresponding continuous 
system. Indeed, some of the most 
powerful methods for the analysis 
of continuous systems are based on 
sampled approximations of the con- 
tinuous functions. The most prom- 
ising appears to be the z-transforma- 
tion. The main limitation of the 
z-transform is that it describes the 
response only at the sampling instants. 
Since an infinite number of sampled- 
data systems have the same response 
values at the sampling instants, other 
techniques must be made to deter- 
mine the complete response. The 
uncertainty of the z-transform method 
between sampling instants is partially 
removed by finding the output at sub- 
multiples of the sampling period, and 
is entirely removed by the impulse 
response approach. 

The z-transformation method gives 
a comprehensive picture of absolute 
stability, but this is not the problem 
the engineer faces when he tries to 
meet such specifications as maximum 
overshoot. The impulse response ap- 
proach can be used to set the gain to 
meet overshoot specification, and the 
controlled element transfer function 
in most cases indicates the nature of 
the compensation network needed to 
meet the specifications. Thus, shap- 
ing the impulse response of the open- 
loop system provides the optimum 
method for design of sampled-data sys- 


hi permanent- 


AeT| magnet 
d-c motors 


Actual size: 1/2” diameter 
Weight 7.25 oz. 


for improved performance of 
electro-mechanical actuators, 
generators, switches and 
programming devices 


Here’sa compact, powerful new fractional- 
horsepower d-c motor that answers many 
product design problems of today. Its 
entirely new type of symmetrical rotor 
winding results in greatly improved motor 
performance and efficiency and is partic- 


| ularly advantageous for reversing opera- 


tions. Available in two sizes with speeds 
from 5,000 to 20,000 rpm...6 to 115 
volt d-c operation ... with gearheads, 
radio noise filters and other special fea- 
tures if desired. 


Superior 
Commutation 


Withstand Sudden 
Reversals 


IN TWO 
FRAME SIZES 
WITH MAXIMUM 
OUTPUTS OF | Sectine 


30 mhp Meet Military 
and Specifications 


56 mhp 


Powerful Dynamic 


Low Radio Noise 
Interference 





Write for descriptive Bulletin F-4344 showing 
wide range of adaptations available to you | 
with BYLM series Borber-Colman permanent 
magnet motors. Bulletin includes chorocteristic # 
curves, specifications, and application infor- 
mation. Get your copy now. 


_BARBER-COLMAN COMPANY 


Dept. |, 1448 Rock Street, Rockford, Illinois 
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VHS" RELAY 


(*Very High Sensitivity) 


The VHS is a bal- 
anced armature, 
Alnico magnet type 
relay. It is internally 
shock mounted and 
resistant to vibration. 
The screw-on cover 
is gasket sealed. It 


can be opened and 0.2 microamperes, | 


(3,000 ohms coil) or, 
0.1 oo (20 
ohms). 


resealed. 


Connections: 9 pin octal style. 
Dimensions: 1% dia. x 2%” long. 
Weight: 4 ounces. 


. Shock mount 5. Cast bracket 

. Contact assembly 6. Alnico magnet 

. Contact detail 7. Bearing detail 

. Armature with 8. Yoke (steel) 
contact detail 9. Mounting frame 


Sensitivity: Infinite variations from 0.2 | 
Ua. to 10 Amp. or 0.1 Mv. to 500 volts, | 
self contained. Higher volts or amps | 


with external multipliers. A.C. rectifier 


types. Trip point accuracies to 1%. | 
Differential and repeatability better | 


than 1%. 


Contacts: SPST or SPDT, 5-25 Ma. D.C. 


Other ratings to ¥2 Amp. A locking coil | 


gives high pressure and chatter free 


contact even under shock and vibra- | 


tion. Samples 3 to 4 weeks. 


ASSEMBLY PRODUCTS, Inc. 


P. O. BOX 191 - CHAGRIN FALLS 22, OHIO | 


Ask for Bulletin 102 
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tems. The z-transformation and Ny- 
quist diagram increase the designer’s 
circumspection. 


Induction Pots 


“Induction Potentiometer as an 
Analog Position Indicator’ describes 
the physical and performance char- 
acteristics of this useful component. 
Points covered include: standardiza- 
tion and compensation, core effects, 
residual voltages, design, and applica- 
tion. “Product Engineering,” August 
1954, pages 138 to 143. 


Servos 


“Six Basic Control Systems” gives 
brief, illustrated descriptions of 1) 
basic electromechanical servo loop; 2) 
on-off servo with mechanical feedback; 
3) inductive servo system; 4) induc- 
tive system with indirect feedback; 5) 
remote servo using bridge-balancing 
network; 6) remote servo using syn- 
chro transmission. This article also 
describes the effect on system response 
produced by using rate control, me- 
chanical damping, and integral control. 
“Product Engineering,” July 1954, 
pages 179 to 183. 


Computers 


“Tape Recorder Stores Computer 
Output” describes the use of a tape 
recorder as a buffer between high- 
speed computers and slow-speed print- 
ers. If further processing is required, 
the stored data may be read back into 
the computer. “Electronics,” July 
1954, pages 166 to 169. 


Analog Analysis 


“Test Models” discusses the use of 
models and analogs to predict the 
static and dynamic behavior of physi- 
cal systems. The article relates the 
differences between conventional mod- 
els and analogs, and describes the use 
of an electrical analog to predict the 
performance of a fluid flow system. 
“Chemical Engineering,” July 1954, 
pages 183 to 189. 


Automatic Processing 


“Why Automation Is for You” is 
a question-and-answer session with an 
expert in applying automatic controls 
to production machines. The use of 
automatic machinery in assembly, in- 
spection, and packaging is discussed, 
as well as the initial cost and the sav- 
ings which may be expected therefrom. 
“Factory Management and Mainte- 
nance,” July 1954, pages 80 to 89. 


Let WANG 
STATIC MAGNETIC DEVICES 


serve you in your 
| electronic system as: 





| © Digital to analog converter 
¢ Sequence pulse generator 
¢ Pulse count converter 
* Output display device 
¢ Data manipulator 
* Pulse generator 
* Precision timer 
¢ Number storage 
¢ Shift register 
* Pulse counter 
¢ Synchronizer 
¢ Rate meter 
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296 Columbus Ave., Boston 16, Mass. 
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Lumped Constant 
Delay Lines 


by Brew— 





Here at Richard D. Brew Co. you can get the 
lumped constant delay lines to meet your needs 
for control systems, computers, servo-mechanisms, 
etc. Brew’s advanced design and special manufac- 
turing techniques assure you of the greatest pos- 
sible accuracy, dependability, and uniformity. 


Specifications: 

Lumped constant lines are designed and produced 
to meet the customer’s most stringent electrical 
characteristics. Size, weight and mounting tech- 
niques are consistent with the electrical require- 
ments. All lines exhibit excellent thermal and 
shock resistant qualities. Hermetically sealed 
mountings are available. Quick delivery on pro- 
totypes. 

Send for detailed brochure. 


REW 


Airport Road 
Concord, N. H. 


Richard D. Brew 
and Company, Inc. 


manufacture 
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What's Ahead 





MEETINGS 


September 


American Society of Mechanical 
Engineers, Fall General M€ceting, 
Schroeder Hotel, Milwaukee, Wisc. 

Sept. 8-10 


Instrument Society of America First 
International Instrument Congress & 
Exposition, Convention Hall, Phila- 
delphia. Sept. 13-24. 


Symposium on Information Theory, 
Massachusetts Institute of Tech- 
nology, Cambridge, Massachusetts. 

Sept. 15-17 


October 


National Electronics Conference, 
Inc., Hotel Sherman, Chicago, III. 
Oct. 4-6 


Society of Automotive Engineers 
(National Aeronautic Meeting) Statler 
Hotel. Oct. 4-9 


American Institute of Electrical 
Engineers (fall general meeting) Mor- 
rison Hotel, Chicago, Ill. Oct. 11-15 


National Conference on Industrial 
Hydraulics, 10th annual meeting, (de- 
voted to hydraulic control), Sheraton 
Hotel, Chicago, III. Oct. 14-15 


November 


National Electrical Manufacturers 
Association, Annual Meeting, Haddon 
Hall Hotel, Atlantic City, New Jer- 
sey. Nov. 8-11 


American Petroleum Institute, 34th 
Annual Meeting, Conrad Hilton Ho- 
tel and Palmer House, Chicago, III. 

Nov. 8-1] 


American Standards Association, 
(Fifth National Conference on 
Standards and Thirty-sixth Annual 
Meeting), Hotel Roosevelt, New York, 
N. Y. Nov. 15-17 


The American Society of Mechan- 
ical Engineers, Annual Meeting, Stat- 
ler Hotel, New York, N. Y. 

Nov. 28-3 


December 


National Exposition of Power and 
Mechanical Engineering, Commercial 
Museum, Philadelphia, Pennsylvania. 

Dec. 2-7 


Eastern Computer Conference, 
Bellevue-Stratford Hotel, Philadelphia, 
Pa. Dec. 8-10 
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A new, large size, 


flat bed, 
versatile 
2-axis recorder... 


AUTOGRAF 


trademark 





MODEL 2 


Curves are available for 
observation and labeling 
while they are being drawn, 


BOTH AUTOGRAF 
MODELS ARE OUTSTANDING 


FOR THEIR VERSATILITY 


NEW MODEL 20 SERIES 


DC VOLTMETER 


| F &. MOSELEY CO., 


The versatility and labor-saving convenience 
of the original portable Autograf have now 
been built into an instrument which handles 
standard 11” x 1614” graph papers. Model 2 
has the same scales and ranges as Model 1 
(0-5 millivolts to 0-100 volts each axis) ; same 
speed (full scale X and Y in one second); 
same input impedance (200,000 ohms per 
volt). In addition, depressed zero available 
each axis, larger re- 

cording area (twice as 

big), flat bed, easy- 

reading design. 


THE AUTOGRAF 

MODEL 1 

general purpose 814” 

x 11” X-Y recorder — ‘ ; 

is doing duty in hundreds of laboratory appli- 
cations: chemical, electrical, electronic, wind 
tunnel, computer...And on production lines: 
measuring motors, filters, tubes, transistors, 
airfoils, amplifiers, rectifiers, magnetic cir- 
cuits and materials, nuclear devices, etc.... 


AUTOGRAF 
CURVE FOLLOWER 


lots or reads out Y vs. 

. Either Model 1 or 
Model 2 can be fur- 
nished as a recorder/ 
curve follower. 


AUTOGRAF 
POINT PLOTTER 


Models 1 and 2 may be 
fitted for point plotting 
from keyboard or other 
digital sources. 


A new high accuracy, 
easy-to-read, multi- 
range servo-voltmeter 
with fast response. 
Scales 0-3 millivolts to 
0-300 volts. Zero left or 
zero center. Designed 
for indication, control, 
or analog to digital 
conversion. 


Bulletins describing these instruments 
are available, and we will be glad to 
send you the ones you want. Write... 


NORTH FAIR OAKS AVENUE, PASADENA 38, CALIFORNIA 
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Control Engineers Bookshelf 
Puts Experts’ Advice in Quick, Easy Reach 





Servomechanisms 





1. SERVOMECHANISM ANALYSIS by G. J. 
Thaler, USN Postgraduate School, and 
R. G. Brown, GM’s A.C. Sparkplug 
Div. Presents essentials of mathematical 
theory of servomechanism. Details each 
mathematical method for analyzing servo 
systems. 414 pp., 253 illus., $7.50 


2. THEORY OF SERVOMECHANISMS 
edited by H. M. James, Purdue, N. B. 
Nichols, Taylor Instrument Co., and 
R. S. Phillips, Univ. of Southern Cali- 
fornia. Weaith of information and tech- 
niques—from types of servo systems to 
theories behind them. Vol. 25, MIT 
Radiation Laboratory Series. 375 pp., 
161 illus., $5.50 


3. SERVOMECHANISM FUNDAMENTALS 
by H. Lauer, R. Lesnick, and L. Matson, 
RCA Victor Div. Straightforward, prac- 
tical information on operating features 
of servomechanisms and systematic pro- 
cedures for their design. 277 pp., 165 
figures, $5.50 








Instruments and Control 





4. AUTOMATIC FEEDBACK CONTROL by 
W. H. Ahrendt, Ahrendt Instrument 
Co., and J. Taplin, Kendall Controls 
Corp. Information for design and selec- 
tion of automatic feedback control sys- 
tems. Shows functional and construc- 
tional requirements of instruments. 420 
pp., 378 illus., $7.50 


5. ELECTRONIC MOTOR AND WELDER 
ConTROLS. G. M. Chute, Univ. of De- 
troit. Describes each important control 


device in use today—what circuits make, 


it up . . . how each circuit operates. 348 
pp., 202 illus., $7.00 
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6. INDUSTRIAL ELECTRONIC CONTROL, 
2nd &d. W. D. Cockrell, Industrial Eng. 
Div., GE. Practical, non-mathematical 
treatment explains various types of elec- 
tron tubes, circuit components, and basic 
circuits in modern industrial use. 385 
pp-, 270 illus., $5.50 


7. AUTOMATIC CONTROL ENGINEERING 
by E. S. Smith, Research Eng., Eclipse- 
Pioneer Div., Bendix Aviation Corp. 
Presents control fundamentals and tech- 
niques— gives both qualitative and 
quantitative approach to meters and con- 
trollers and their plant applications. 367 
pp., 121 illus., $5.50 


8. MAINTENANCE MANUAL OF ELEC- 
TRONIC CONTROL by R. E. Miller, Wel- 
ler Mfg. Co. Outlines step-by-step pro- 
cedures in installation, routine mainte- 
nance and trouble shooting of equip- 
ment. 305 pp., 200 illus., $6.00 


9. INDUSTRIAL INSTRUMENTS FOR 
MEASUREMENT AND CONTROL by T. 
Rhodes, Procter and Gamble Co. Theo- 
retical and practical coverage of meas- 
urement alk control of 4 basic process- 
ing factors: temperature, pressure, fluid 
flow, and liquid level. 573 pp., 283 
illus., $7.50 


10. ELECTRONIC INSTRUMENTS. Edited 
by I. A. Greenwood, Jr. General Pre- 
cision Lab., J. V. Holdam, Jr. Labora- 
tory for Electronics, Inc. and D. Macrae, 
Jr. Harvard. Data on design, construc- 
tion, and use of electronic instruments 
with material on circuits designed to 
perform fundamental computer opera- 
tions, servo components, etc. Vol. 21 
MIT Radiation Laboratory Series. 721 
pp., 400 illus., $10.00 





Instrument Engineering 





Three volumes by the above title, by 
C. S. Draper, W. McKay, and S. Lees 
of MIT, give a practical, wide-ranging 
treatment of theory of instrument de- 
sign. 

11. VOLUME I—Methods for Describ- 
ing the Situations of Instrument Engi- 
neering. Develops broadly useful system 
of conceptions, notations, diagrams, and 
mathematical forms. 269 pp., 93 illus., 
$7.00 


12. VOLUME II—Methods for Asso- 


. ¢iating Mathematical Solutions with 


Common Forms. Reviews mathematical 
background of several methods for asso- 
ciating solutions with descriptive forms. 
827 pp., 186 illus., $15.00 


13. VOLUME III—Applications of the 
Instrument Engineering Method. Exam- 












ples ranging from simple instruments to 
complex systems to illustrate methods of 
instrument engineering. (In Press) 


Computers 





14, ELECTRONIC ANALOG COMPUTERS 
by G. A. Korn, Lockheed, and T. M. 
Korn, formerly with Boeing. Aids in 
the design and application of electronic 
computers of the d-c analog type. 378 
pp-, 70 illus., $7.00 


15. HIGH-SPEED COMPUTING DEVICEs. 
Engineering Research Associates, Inc. 
Supervised by C. B. Tompkins and J. H. 
Wakelin; edited by W. W. Stifler, Jr. 
Clear, pores icture of various mathe- 
matical methods and physical mecha- 
nisms developed for automatic computa- 
tion. 440 pp., 90 illus., $7.00 


16. COMPUTING MECHANISMS AND 
LINKAGES by A. Svoboda. Edited by 
H. M. James, Nat'l. Defense Research 
Committee. Defines and classifies bar 
linkages. Gives detailed mathematical 
analyses of vital components. Vol. 27 
MIT Radiation Laboratory Series. 359 
pp., illus., $5.50 





See These Books 
10 Days Free 


McGraw-Hill Book Co., Inc. | 
| Dept. CON-9, 330 W 42 St., NYC 36 | 


1 Send me book(s) circled below for 10 
days’ examination on approval. In 10 | 
| days I will remit for cake I keep, plus 
| a few cents for delivery, and return un- 
| wanted books postpaid. (We pay delivery 
charge if you remit with this coupon. 
Same return privilege.) 


ee S See 
9. 10. 11. 12. 13. 14, 15. 16. 


eee eee eee ee eee eee eee ee ee eee eee 
CORO m meee ee eeeeee ess eeeeeeeteseese 


| This offer applies in U. S. only. 
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The Classified Advertising Section of CONTROL enaineerinc 


muses, OPPORTUNITIES” i8t0'or kesace 
UNDISPLAYED —RATES— DISPLAYED 


9 i c- 
$1.50 per line, minimum 3 lines. To figure advance —— Sete i ka . 
payment count 5 average words as a line. Individual Spaces with border rules for prominent 
Position Wanted undisplayed rate is one-half of above display of advertisements. 
rate, payable in advance. The advertising rate is $ 3-58 per inch } == 
J vertising appearing on other than a contrac’ 
Bor Numbers count as one additional line. Contract rates quoted on request. 
Discount of 10% if full payment is made in advance An advertising inch is measured %” vertically on 
for 4 consecutive insertions. one column. 3 columns—30 inches—to a page. 














New Ads Received by September Ist at the New York office, 330 W. 42nd St., New York 36, N. Y., will 
appear in the October Issue subject to limitations of space available 














REPLIES (Bow No.): Address to office nearest you 
NEW YORE: 830 W. 42nd St. (36) 


4 » 
CHICAGO: 520 N. Michigan Ave. (11) E N G | N FE 7 n S & T E C H N | C | A N S 
SAN FRANCISCO: 68 Post St. (4) 


POSITIONS VACANT Insure your future in 3 


CHEMICAL OR Refinery Engineers—For per- 

manent staff positions with integrated oil 
company which manufactures all important 
petroleum products. Duties involve advisory 


work on operations, preparation of operating 
rograms, processes and economic evaluations. ith 
nowledge of gasoline and lube manufacture wi 


desirable. Excellent future for engineers with 

one or more years experience. Salaries commen- CBSs — ¢ Ol UMBIA 

surate with ability and experience. List train- | , 2 : ibe 4 ; 

ing, experience and personal data in first letter. Positions, offering opportunity & stability, are open to men experienced in the 
Replies confidential. Write Box P-3619, Control Design & Development of TV Receivers 


Engineering. 
: AS FOLLOWS: 
CHEMICAL ENGINEER—Process engineering 
and product rec overy—degree—2- 5 years ex- VIDEO CIRCUITS COMPONENT DESIGN 
perience—up to $6,500. Nationally known food 
processing company. Submit complete resume. Y | 
P-3620, Control Engineering. S NCHRONIZED C RCUITS 


FOOD TECHNOLOGIST. Progressive vegetable You will work with a staff of engineers who are leaders in the Television field 
packaging firm has exceptional opportunity and will have at your disposal the most modern electronic equipment. 

and maintenance of Quality Control, ingenuity n 

to develop ideas through research. Eastern lo- Only men with proven record of resourcefulness 

cation. Please state education and experience 


ently. P-8631, Control Bagineering. & technical accomplishment will be considered. 
= : = @ Remuneration high—Complete employee benefit program 

POSITIONS WANTED To help us get better acquainted write us all about yourself. 
aa “ Interviews with out-of-town applicants arranged 
ENGINEER, AUTOMATION Factory systems, 


machinery, components, parts feeders, trans- WRITE PERSONNEL DEPARTMENT 
fers, controls. /-3622,C i 


PW-3622,Control Engineering. 


MECHANICAL ENGINEER, 37, Reg. P.E., ex- 
perienced plant layout, machine and struc- - 
ture design, administration and maintenance. 


Presently employed as project engineer in car- ; ‘ 
pet mill. Desire relocate N. J. Resume on re- (Division of Columbia Broadcasting System) 


quest. PW-3623, Control Engineering. 3400 - 47 Avenue Long Island City 1, New York 


PROFESSIONAL 
SERVICES © Control Systems 

















Do you need competent men for your ELECTRONICS ENGINEERS 


> 7 Design and development of counting and 
y ‘ staff? Men experienced in system engi data-handling equipment for industrial 
© Economic Studies neering? Men to fill executive, or tech- control, scientific and business applica- 

toot 7 ? Ad tions. B.S.E.E. and experience required. 
* Patents * Management nical positions? vertise your need 


pa —— POTTER INSTRUMENT CO., INC. 
Mititipimuin = e—_—- 115 Cutter Mill Rd. Great Neck, N. Y. 


© Instrumentation 























HANSON-GORRILL-BRIAN INC. | | : 
Specialized Control Systems ELECTRONIC DEVELOPMENT 


ELECTRICAL - ELECTRONIC : 
HYDRAULIC - MECHANICAL z CONTROL & oa G | N é t b Ss 
One Continental Hill Glen Cove, N. Y. s 
Glen Cove 4-7300 : INSTRUMENT This is an outstanding opportunity to join a constantly expand- 
ing organization which pays top salaries, and where the accent 
is on development work leading to large-scale future produc- 
C0., INC tion. Your future here will be closely related to your abilities 
and achievements. 


SS 








INTERFERENCE MEASUREMENT 
LABORATORY 
Consul tino—Research—Devel t 


ope important —— for EE’s with over 5 years’ experience in one 
Interference Study per Government Specifications subsidia of thes 
Shielded Space for Interference Investigation ” or mere of @ fields: 
Radio Interference Filters 


soponoennenans 
eS 





907 East 5lst Street Brooklyn 3, New York 


ES (1) DIGITAL COMPUTERS (5) INFRA RED 
Ingersoll 9-1765 ES Burroughs (2) SERVO MECHANISMS (6) RADAR 





(3) FIRE CONTROL (7) GYROS 
(4) GUIDED MISSILES 





ALBERT WIEBE ond ASSOCIATES : CORPORATION Send Complete Resume 


Improved Inspection Instrumentation for Quality 
Control — Automation. Elimination of juction 
Line Troubles. Product 2 Re-Design for Greater 


Profits, Industrial Specialists in Government Con- 33 35th Street B’klyn, N. Y. 


550 Fifth Avenue, New York 36, N. Y. Sterling 8-0658, Ext. 177 
Phone Plaza 7-3638 — Espl. 5-4971 
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Engineers 


Your Move 


The men we seek are experts in their specialized fields, 
capable of filling responsible engineering positions 
with MELPAR, a leader in research and development. 
Perhaps one of these men may be you. We invite you 
to learn about our long-range military and industrial 
programs. 

If you are experienced in one or more of the fields 
listed below, write us about yourself and let us tell 
you during a personal interview about our past rec- 
ord of success and how you can successfully fit into 
our future plans. 


@ Data Handling Equipment (magnetic cores, magnetic recording 
equipment, digital computing techniques, analogue to digital 
conversion, shaft digitizers). 

Network Theory ; 

Flight Simulation (servomechanisms, pulse circuitry, electronic 
cabling) 

High-Frequency Antennas 

Audio and Video Circuit Designs 

Small Mechanisms Design 

Mechanical Packaging of Electronic Components 


eece 


Technical Personnel Representative 


7 
melpar, inc. 
A Subsidiary of the Westinghouse Air Brake Co. 


452 Swann Ave., Dept. CE-1, Alexandria, Virginia 
or 11 Galen St., Watertown, Mass. 





WORLD'S LEADING PRODUCER 
OF ELECTRONIC ACCOUNTING 
AND COMPUTING MACHINES 


has positions open for 


CONTROL SYSTEMS ENGINEERS 


IN THE EXCITING NEW FIELD OF AUTOMATION 


Men with a mechanical or electrical engineering 
degree and several years experience in power servo- 
mechanisms, automatic controls, dynamics and com- 
puter techniques required. Knowledge of pulse- 
technique and transducer circuitry desirable. 
Excellent salaries, many educational opportunities, 
and generous empioyee benefits. Moving expenses 
paid to Endicott, N. Y. 


Your inquiry will be treated confidentially. Send 
resume of education and experience to: 


W. M. HOYT, Dept. 686 (26) 
INTERNATIONAL BUSINESS MACHINES 
590 Madison Ave., N. Y. 22, N. Y. 


132 

















INSTRUMENT 
ENGINEER — 





























Project Responsibility 
for the Mechanical 
Design and Development 
of Air Data 
Sensing Instruments. 


SERVOMECHANISMS 
INC. 


Post & Stewart Ave’s 
Westbury, L. I. 








ENGINEERS 


LEAR, INCORPORATED 


Leader in Autopilot production and engaged in ad 
vanced engineering programs in fleld of autopilot 
and gyro reference systems, needs qualified project 
engineers and specialists to fill current openings in: 


Autopilot Development 
Electronic Design 
Transformer Design 
Servo-Amplifier Design 
Servo-System Analysis 
Gyro Instrmt Mech Design 
Field Service Engineer 


Can arrange New York City interviews or will invite 

qualified applicants to visit our plant in attractive 

Mid-West residentia] city. 

COMPETITIVE SALARIES OFFERED. 
GENEROUS MOVING ALLOWANCE. 

ALL REPLIES HELD CO IAL. 


Write to: Personnel Director 


LEAR, ee 
INCORPORATED 


110 IONIA AVE. N.W. 
GRAND RAPIDS 2, MICHIGAN 
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TELEPHONE TYPE RELAYS 


These relays have been standardized so that 
coils and frames of most manufacturers can 
be interchanged without af tments 
A wide howe f of applicable combinations are 
thus p om a Pp ively small num- 
ber of — 
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Listed below are frames and coils from our stock. They may be purchased separately. 
However, a complete relay consists of coil and frame. In ordering complete relays specify 


which coil with which frame, i.e.: F101 with Kl 


17. 


Representative completed relays are also listed with voltage and current ratings. Values 
are indicative of sensitivity that may be expected from similar combinations. 


CLARE, 6500 ohm, 8 ma DC, 3 makes (3As) #R276 


ann. Kiet, 6500 ohm, SPDT, 2 ma DC, Fast Ac. 
tion R5i 


(For Cost of Relay Add Price 
of Frame to Price of Coil) 


Stock Price | Stock 
9 No. 

F108 
F131 
F107 
F142 

| F112 
F129 
F140 
F121 


PEONNPN=${N=H]NN=—L.epp- 


ch 
$1.25 
1.50 
75 
“00 
25 
“50 
00 
50 
75 
“00 
00 
75 
75 
75 
“00 
00 
“50 
“00 
00 
00 
2.75 
2.75 
4.50 
4.00 
75 
25 
25 
“50 
75 
‘50 | 
75 | 
“00 
75 
24 


| Deel melee eel eet el te td 

PENN=! 
Nrny 

TRRRAR 


Additions! pileups also available 
A = Normally open; = Normally closed; 
C = Double throw; D = Make before break 


ROTARY RATCHET RELAYS 


Ledex D.C. Impulse operated mecha- 

nisms rotate in 30° steps. Ratchet 

mechanism has 14” shaft with flats 
for standard a wafers. 

#33 Mechanism only, 48- 

110V, 200 ohm, #R597 1.50 

76-2945 Mechanism & Rat- 

* chet & 1!” shaft, 48-110V, 


#75. 3576 Mechanism & Ratchet & 11/4” 
lg shaft, 6-8V, 14 ohm, #R599...... 3.75 
#25 Mechanism Only, 12-18V, 4.5 ohm, 
#R824 1. 
pk, Mechanism Only, 6-8V, 2 we, 
#R 

fiviotore Mechanism Only, 12-24V, 35 cin 
#R826 


A18258 BENDIX (Cook 102) 8-12 VDC, Copper Slug. 
poo Release. SPDT, 200 ohm. Part of SCR 522. 


RS229AI AUTOMATIC 6VDC, 3PST n.o. 
ohms. Slow Release, #41 0 
RS5021AI AUTOMATIC 1300 ohm, 20 ma DC, SPST 
nc. (1B), #4 $2.95 


B. ccocccccccceccccesecesecece 


cc 


(For Cost of Relay Add Price 

of Coil to Price of Frame) 
Price 
each 
$1.25 


_ 


ot et at ot ot ot tt ts 
SSSSRRRS 


40,000 

SLOW-ACTION COILS 

SLOW-MAKE |. SLOW-RELEASE 
ock Price | Stock 


No. 
K161 
| K149 
50 | Ki 


prepaaaaB 2 
RSSsees 


2.00 
2.25 
ACCESSORIES FOR 
TELEPHONE TYPE RELAYS 
CRI Molded Bakelite Cover 
214" x 2%" x4" 
overall 
Steel Cover 2)" x 1H” 
x 484" overa 
Steel Cover 234” x 1}4” 
x 4%" overall 
Long Relay Bracket 
Short Relay Bracket 


#CRI1.. 
#CR3.. « 


CR3 
CR5 


BR2 
BR4 





IMPULSE DIAL 


To open a normally closed 
circuit. Ten holes — capac- 
ity: 1-10 impulses. Has 3 
shunt springs, arranged to 
make when dial is moved off 
normal. #D101 





Miniature Mechanism Only, 6-12V, 10 Bo 
# R827 1.50 
ADDITIONAL TYPES ALSO 


- 10 for 30.00 














MANUFACTURERS—JOBBERS— 
EXPERIMEN TERS—LABORATORIES 
WRITE OR PHONE WALKER 5-9642 FOR 

YOUR RELAY REQUIREMENTS 

Ask for Mr. Greenberg or Mr. Herzog 
We have a large variety of standard types 
of relays and solenoids for a multiplicity of 
uses which for various reasons are not list- 
ed in our advertising. When inquiring con- 
cerning your needs give as much informa- 
tion as possible. Catalog numbers are not 
sufficient. Give coil voltage; specify AC or 
DC; give current or resistance; contact cur- 
rent and arrangement. 


READY FOR IMMEDIATE DELIVERY 


Production quantities of the following types 
of Relays: 


ALLIED—Most numbers 





MINIATURE 
LEACH AIRCRAFT 


D.C. SENSITIVE 
PLATE CIRCUIT 
RELAYS 


Most _Populer Types 


STEPPING SWITCHES 


AUTOMATIC 
ELECTRIC TYPE 13 


25 Position: Self sateerunter, pprings: Norm. 
Oper Volts: 25 VDC; Max 30 VDC; 0.6 Amps; 
30 — Three Levels ‘Een Elect, RA’?: 
#R 17.75 
WESTERN ELECTRIC 44 Position; Make & 
Break Interrupter Springs; Normai a 
ing Voltage 6VDC; aoe 8VDC 

Circuit Levels 


#R "22.50 
ADDITIONAL ‘TYPES ALSO AVAILABLE 





WESTON MODEL 
705 SENSITROL 


Combines high sensitivity 
and comparatively high con 
tact capacity (5 watts at 
110 volts). Positive action 
at 10 microamperes d-c. 
Stationary contact is small 
permanent magnet; movable 
contact is iron rider mounted on D’Avsonval 
movement pointer Operating torque moves 
pointer into magnetic field of stationary contact 
which draws movable contact and holds it 
firmly. Contacts remain closed until reset. 
WESTON 705 TYPE 4: 10 XX microamp; SPST 
n.o. (1A); 24V AC or DC reset solenoid; #R523 
. 10 for $200.00 $22.50 ea. 


CERAMIC INSULATORS, POSTS, ETC. 
AT FRACTION OF ORIGINAL COST! 


Just received—millions of ceramic in- 
sulators of all types. Write for catalog. 


VISITING NEW YORK? 


WE INVITE YOU TO DROP IN 
We have the largest variety of electronic 
merchandise ever exhibited on street level. 
Over 80,000 different items in stock. 











TERMS:—All_ prices F.O.B. 
Our Plant. Rated Firms Net 
10 days: All Others Remit- 
tance with Order. 


Merchandise returnable with- 
in 10 days for full credit. 
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AVAILABLE 


324 CANAL ST., N.Y.C., 13, N.Y. WaAlker 5-9642 


Universa general corp. 


ew lm Ae 


Orders Under $10 Remittance 
With Order. Plus Approxi- 
mate shipping charges (over- 
age will be returned). 
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[ C ONTROL ) FLEXIBLE 
your ia] RUBBER HOSE - 
os on ait INS INES 


FOR AUTOMATIC 
CONTROL SYSTEMS 


ON ORIGINAL EQUIPMENT 
OR REPLACEMENT 


PNEUMATIC 


ASSEMBLIES 


fabricated to your 


exact specifications 
OF 


e PRESSURES 
50. to 500 P.S.I. 


e SIZES 


%4" to 4” 
inside diameters 


e FITTINGS 


= ptiens Sy Dw = = A. ley cus-j - specified by ~ 
omer cation ob Bo: 

to tL on any of your i -. ‘equipment ® LENGTH S 
requirements, such as Rate Generators or 


Motors, Servo Motors, Autos 1s, Kolis an 
Units, Resolvers, Etc. 


Phone CApitol 71-3456 











: fome, ORG213315 

rats eer 115/90VAC 60~ 

F400 Syn. Mtr. 115/90VAC 400~........ 

Fy Gen. 115/90VAC 60~............ 
Cont. Trans. 30, 55V 60~ 


—~-—<— ee 





-_e 











ssssssesseeseses: 











B1A GE Syn. Mtr. 55/55V 60 ~ 
F3117 Wag. Syn. Mtr. iasv 60 Cy. 


180 
PXAN ‘GE Transmitter 24V 
food 60~ 








Transm. 115V 60 ~ 
r 11-4 Rep. 115V 60 ~ 

ype 11-5 ‘Tee. 115V 60 ~ 
Tres 1-1 Transm. 11SV 60~ 




















5€ 1sV 69~ 
5, 384-2 Voit. Rec. 415V 60~ 
"Syn. Rep. 115V 60 
—_ Transm. 115V_ 60~ 

. Diff. 115V 60 ~ 
£78254 Type Xl Diff. 115V 69 ~ 
C78359, E84-4, Rec. 115V 60 ~ 





PNMMCNNNNNN SR BRBBBIReRsesneNEcesNususanees 
geesssssssssssss ssesessssssssssssssssussssssss 


——we eee Oe eee 





sesseussesunsseueseceusgerersern to ethBeheNeses 


ssscesessssssssssy 


~~ co~ 
. 110/5SVAC 60~ 
110/5S5VAC 60~ 
90V 


~ 


ae 
nN 


aaa 


as specified by you 


VYrrASSwarcro #VMAN—wa 9 “Vm sor- 


' 
\ 
j 


“ 90V 60 ~ 
rans. 90/55V 60 ~ * 
- 90/30V. so 


HYDRAULIC & 


RUBBER HOSE \ 
ASSEMBLIES 


Your inquiry fabricated to your 
will have special value... exact specifications 


if you mention this magazine, when writing 


SEND FOR CIRCULARS advertisers, Naturally, the publisher will ap- OF 


preciate it . . . but more important, it will 
GOULD GREEN identify you as one of the men the advertiser PRESSURES 
wants to reach with his message & help to 
> 252 Greenwich St. ¥. 7, &. ¥. make possible enlarged future service. 100 5 PSI 
Aaa rYwv*, 
$000000000600000060060600 to 5000 P.S.I. 
e SIZES 


Vg ” to > 2 


MAY WE HAVE YOUR ATTENTION? || ==: 


e FITTINGS 
The “CONTROL TRANSMITTER” serves as an active market place for as specified by you 
buying and selling used and surplus new elements and components of e LENGTHS 
control systems. It will be consulted regularly by prospective buyers as specified by you 
of such equipment offered by individual plants or dealers. 


~ 





SS SS GGG GGG 4666466 6b6b6b6bhibhihi644 
i i hi hi hi hi i hi hi hi hi hi ha a hi hi ha ha ha ha ha ha i 


SURPLUS 
COMPONENTS 








ywrvrv-VTVeYTY* 
ee eh he he hl 


4 
4 
: 
4 
4 
4 
3 
4 
4 


. ee be be be hn 




















If you have used or surplus new elements and components of control IN STOCK FOR 

; ee IMMEDIATE DELIVERY 
systems lying around idle in your plant, you can help other readers cai} 
of the “CONTROL TRANSMITTER” who need such equipment by Write for descriptive catalog CE-53 
bringing it to their attention. 


Make the reading of “CONTROL TRANSMITTER” a monthly habit. CARLYLE RUBBER CO. Inc. 
You may find bargains in hard-to-get components through the dealers 66 Park Place, New York 7,N. Y. 
advertising in this section. Digby 9-3810 
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AMPLIFIER UNIT MAGNETIC 


Mfr. Pioneer Instrument Type 
12071-1-A; 
110 volts, 
400 cycles; 
26 volts, 
400 cycles; 
4 tube 
(12AH7-GT); 


take-off for four 


autosyns... 


$29.95 ea. 
TREMENDOUS SAVINGS 


WAR 


TERMINATION 


TELEGON OSCILLATOR 


Input: 115 volts, 60 cycle 
Output: 26.5 volts, 400 cycle 
3-watts @ 250 ohm load 
ideal for 

laboratory use 

. » « approx, 

10” x 7” x 8", 

wt. 16 Ibs.... 


$29.95 
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PIONEER TORQUE UNITS 


Type 12602-1-A. Includes CK 5 Servo motor coupled to output shaft thru 


IN 


INVENTORIES 


SAVE UP TO 85% ¢ IMMEDIATE DELIVERY e EQUIPMENT FULLY GUARANTEED 


AUTOSYN TYPE AY-202-4-B 


400 cycle, Rotor 1-phase 26 volts, 
Stator 3-phase 11.8 volts. 

Double shaft. 

Size: 1.631” long, 

1.431” dia. 


TELETORQUE AUTOSYN, 
MFG. KOLLSMAN 
TYPE 1377-0410 


26 volt, 400 cycles. 
Size: 1-31/32" long, 


TYPE 2900 
115 voit, single phase 
400 cycle. 
115 volt, 2-phase, 
400 cycle, 5500 
R.P.M. Size: 142" 
dia., 2” long. 
Shaft size: 
lg" dia., 
9/16” long. 
5” 0.D. index ring. 


$25.00 ea. 


PIONEER INSTRUMENT 
TYPE 10047-2-A 


26 volts, 2-phase, 400 cycle. 


PERMAG D-C, HANSEN MFG., 
INC. TYPE 7100-B 


160 R.P.M., 24 voit DC. 

Size: 234” long, Gear Housing 
15¢" 0.D., 

Motor Housing 

1-9/32" dia. 

Shaft size: 

3/16" dia., 

11/32” long. 


AUTOSYN, MFG. BENDIX, 
TYPE AY-200-4-B 
26 voit, 400 cycle, Rotor 1-phase, 


Stator 3-phase, 11.8 volts. 
Size: 1.631” long, 


125:1 gear reduction train. 
Output shaft coupled to 
autosyn follow-up (AY-43). 
Ratio of output shaft to 
follow-up autosyn is 30:1. 
Includes base mounting 
type cover for motor and 


gear train... 


$34.95 ea. 


KOLLSMAN 
TYPE NO. 999-0411 


2-phase, 26 volt, 400 
cycle. Size: 14%” dia., 
2-5/32” long. 

Shaft size: ” 

dia., 7/16” 

long. 1” 0.D. 

index ring. 


$22.50 ea. 


PIONEER TYPE CK-2 


26 voit, 400 cycle fixed phase, 
Var. phase 49 volt max. 1.05 in./oz. 
Stall torque. Rotor 

moment of inertia 

7 gm/cm. 

Size: 2%” 

long, 1Y2” dia. 

Mounting ring 

2-5/32" dia. 

Shaft size: 

¥g" dia., Ye” long. 


$35.00 ea. 


INDUCTION MOTOR, 
KOLLSMAN 


TYPE 1515B-0410 

26 volt, 400 cycle, 2-phase. 
Size: 1-1/64” long; 

15/16” dia. 

Shaft size: 1/8” dia. 


1-7/16” dia. Shaft 1.431” dia. 
size: Ye” dia., 
9/32” long; 
¥2”" 0.D. 
index ring. 


$15.00 ea. 


SYNCHRO TRANSMITTERS 


Mfr. Kearfott; Type R-212-1A-A; 
ROTOR — 1 phase, 26 volts. 
STATOR — 3 phase, 11.8 volts, 


400 cycle. Overall size: 1-1/16” dia. 
x 1-11/16" long, shaft 3/16” long; 


SYNCHRO RESOLVER, MFG. 
KEARFOTT, TYPE R235-1-A 


Rotor 2-phase 26 volts, Stator 
2-phase 11.8 volts, 

400 cycle. 

Size: 1.658” long, 


$17.50 ea 


SYNCHRO CONTROL TRANS- 
FORMER, .MFG. KEARFOTT 


11.8 volts, 400 cycles, pri. ex., 

137 Ma input current; input imped.: 
82/68° Ohms; output sec. 23.5 volts. 
Res. Voltage: 400 Mv 

RMS 20 Mv 

fund. 


¥%" dia. Sensitivity 
400 Mv/degree; 

wt. 1.75 oz. 

Size: %” dia., 

1.658” long. 


$19.95 ea. 


SALES CO. 


$19.95 ea. $25.00 ea. 


SEPTEMBER 1954 














It's the 


jute 


invade 


that — 


YOUR BEST SOURCE 
FOR TRULY PRECISE 
FINE PITCH GEARS, 
INSTRUMENT CAMS, 
SHAFTS AND ASSEM- 
BLIES IS— 


MOTION CONTROL Inc. 


1905 PLANTATION ROAD 
DALLAS 19, TEXAS 











McGRAW-HILL 
TECHNICAL WRITING SERVICE 


WRITES + EDITS 
ILLUSTRATES 
PRINTS 


YOUR publications ... 

to YOUR specifications 
TWS relieves you of all or 
any of the many problems 
encountered in the produc- 
tion of your... 


EQUIPMENT MANUALS - HANDBOOKS 
PRODUCT CATALOGS-—TRAINING AIDS 
PAMPHLETS — REPORTS — BROCHURES 
COMPANY HISTORIES — PARTS LISTS 


150 


WRITERS — EDITORS — ARTISTS 
ARE AT YOUR SERVICE 
WRITE: 

Project Consultant 
TWS—McGraw-Hill 
330 W. 42 St. NYC 36 


Phone: LOngacre 4-3000 
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potentiometers are avail- 
*gble in miniature and sub-miniature 
sizes. Type RVH1 has been especially 
designed for operation at high am- 
bient temperatures. All designs fea- 
ture rugged construction and excellent 
stability under adverse environmental 
conditions. 


potentiometers, Type RFT, feature 
infinite resolution for super-fine trimming 
adjustments in instrumentation. Complete 
shaft rotation represents less than 4°/, 
of available resistance variation. Convenient 
CM me 
unit for optimum use of limited panel space. 


potentiometers, type MIOT, feature high 
electrical accuracy resulting from servo control of 
resistance windings. One piece construction of base and 
mounting surfaces yields precise, rugged unit. Anodized 
aluminum cover provides sealed enclosure but does 
not support working parts. Spring loaded ball bearings 
housed in single bore provide precise, rigid shoft 
support with very low rotational friction. Universal 
mount offers choice of servo or tapped hole mounting. 


construction, available in 2 inch and 15/, 


diameter potentiometers, allows assembly of multi-gang units 
as required by user, greatly simplifies construction of ‘‘bread- 
board” circultry in experimental work. Servicing of large 
systems is facilitated by use of unitized potentiometers, per- 
mitting rapid replacement should failure occur during operation. 


- 
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SERVICE 
ENVIRONMENTAL TESTING 


TECHNOLOGY INSTRUMENT CORP. 


523 Main St., Acton, Mass. 


CUS 


COlonial 3-7711 


























POTENTIOMETER TEST EQUIPMENT 
RESEARCH 


hoos ur poletionctor, 


LOOK TO TIC for the most complete line of advanced PRECISION POTENTIOMETER 
designs for every applicatidn. TIC engineering means outstanding potentiometer 
performance in your system. The extreme variety of standard models available 
guarantees the optimum specifications and dimensions, whatever your potentiom- 
eter requirement in computors, control systems, and precision instrumentation. 


precision potentiometers ranging from 
/_” to 3” im diameter feature high linearity 
and resolution, together with long life and 
low noise. Rugged one-piece construction of 
aluminum base and close mechanical tolerances . 
of mounting surfaces assure realization of 
electrical accuracy in external system. Standard 
TIC potentiometers will meet applicable MIL 
specifications for humidity, salt spray, shock, 
vibration, and corrosion resistance. 


functional outputs are 
available in most standard TIC poten- 
tiometers, including sinusoidal, log- 
arithmic, and square laws—and 
many others. In addition, TIC en- 
gineers will design highly accurate 
non-linear potentiometers based on 
mathematical data submitted for 


maa special applications. _. 






inch 


potentiometers, Type RVT, are actuated by rec- 
tilinear rather than rotary motion of shaft. Wide range of 
resistance values can be furnished in units with stroke 
lengths from '/, inch to 12 inches. Special design permits 
inclusion of up to three resistance elements with separate 
brush arms and take-offs in a single housing. 

types ST18 and STC18 ball-bearing poten- 
tiometers are designed to conform to the latest industrial 
standard potentiometer dimensions. Now high electrical 
and mechanical precision can be achieved within a 
minimum volume. Type STC18 embodies convenience 
of unitized construction. Also available with plug-in 
type mounting as type RVBC 15/,.. 






TECHNICAL LITERATURE 


CUSTOM DESIGN PROTOTYPE MODELS 


West Coast Eng’r’g. Facility, 731 No. LaBrea Ave., Hollywood, Calif., WHitney 0108 








FISCHER & PORTER’S 


| NOW COMPLETE CENTRALIZED 
j CONTROL INSTRUMENTATION 





F & P is first with a Data 
Reduction and Automation 
Division. Now available is 
a new digital converter, 
which provides completely 
automatic logging from 
sensing elements to coded 
or tabulated digital data 
output. 





Includes Data Reduction Systems 









































Right from the day you recognize 
the need, Fischer & Porter Company 
will plan with you for complete process in- 
strumentation. One source, one contract—will take 
your plans from first stages through to installation. 


Fischer & Porter offers you comprehensive control coverage — 

the finest standard and miniature instruments for most variables... 

complete design, engineering and construction facilities for any type of panel 

or cubicle...experienced technical assistance...and data reduction and 
automation systems. 


And F & P complete service costs less, because of the complete handling from 
beginning to end in one plant. 


Use all the advantages of automation. Write, call or wire today for complete 
information and engineering assistance. 


FISCHER & PORTER CO. 


101 County Line Road, Hatboro, Penn. 





Measuring, Recording, and controlling instruments— 
Control Panels — Data Reduction Systems — Contract 
Instrumentation Research—Chlorination Equipment— 
Glass Specialties. 








